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PLANT AND MA(T{1NKPY. 

By W. H. Coleman, F.[.C, 

Chemical Engmcer, Glasgow. 

Owing |)robably to the general industrial^ depression, very little 
of great interest has appeared ^luring the jjj^st year, •which seems 
to hav^fcjj^ie^votcd ciiiefly to inii)K)V«n[ient8 in existing 

plant and to investigations having for their object thp goUecjtion 
of data which may serve as a basi^f«r improving the design, working, 
and efficiency of various wpes of chemical plant. There is still 
room for a great deal of research in this direction and the joint, 
a^ion of the Association of British Chemical Manufacturers and 
the British ^|;icmical Plant Manufacturers’ Association in forming 
• a Committee to consider tl^ standardisation c€ chemic»I*j)Jant wiil, 
ifr is Hoped,* lead td^ results of great benefit to the indi^try, not 
only by rendering various types of plant uniform in (Lsign and 
jeonst!l*tjjio1P;ycHi facilitating output, but al%o — and this is perhaps 
more im^rtant in some respects-^^^Wbling broken parts to bo 
repljfced from stock. This would do away with many jerious 
delays to tjje course of productif» due to ^h/ breakdown of 
machinery. 

'taking the subject in as natural an oi;^er as powible^ th%produc- 
tion of power forms a useful starting point.* Although the coal 
strike iq the earlier part of the^ear forced many manufacturers 
to replace their cfoal-fircd boiler furnaces by arrangements for the 
utilisation liqiJlfi fuel, nothing very noivel in the shape of oi^ 
'burners has appeared. Perhaps the most important contribution 
to our knowl^ge was Kestner’s lecture on boilftr-feed watei;.^ 
The corrosion of boiler plates has been shown ta be very largely 
due to otygen dissolved in the feed water ; it was further shewn 

J P. Keatner, J., mV, f>7T. 
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that* this cgulfl^h^j got*rid of b^assir^g the^water^or^its^way to the 
boiler, through\e88el8 filled mth turnings toade from iron containi^ 
a«goQd deal of manganese *itn^ which v4& easjjy ya»idised. This 
process is combined with a* system of Continuous blowing down 
ai^ utilisation of the heat of the;j\'ater blown down s(arthat both 
corrosion and accumulation of sludge in the boiler are avoided. 

In griSiding and pulverising plant many minor improvements 
have been effecifed which, however, do not require individual 
mention, and the same may be said to a large extent o^ajxing and 
machinery. 

However, in a paper on the manufacture of pure hydrogen® some 
interesting particulars of plant occur. Purifiers for both waler-gas 
and hydrogen were successfully constructed of reinforced concrete 
and the vessel used for the hydrogenation of oils, in which » very 
intimate mixture of the gaseous and liquid materials is essential, 
has some features well worthy of consideration. Tt consists of a 
tall, relatively nanow cylinder, suitably jacketed and expanded 
ab^>ve and below into chambers of greater djameter. The narrow 
•^ylinder is provided with fixed transverse baffies shaped hke prc^JST 
ler blades, each alternate baffle being arranged to direct th^ gas and 
liquid, which are oiraialated in opposite direcC^.ons by external 
pumps, alternately ifj a clbclhrip^ arfd an anti-clocfil^Wiidiijection. 
The adyr^ntage of such apparatus consists in providing means for 
obtaining an intimate contact without tjrf^ use of any mechanically- 
operated devices, and which can consequently be constructed of 
•almost any suitable material. This type of plant should find many 
applications in other directions than that for which it was d.sign^. 

The use of superheated water and of a high-boijing and hlgh- 
flSsh-point' bil for cdnvejdng heat from the furnace tp the* vessel 
to be heated is ajitracting more attention and'presentf ^ever&l 
features of importance, notably the ease of control ^ich sucl\ a 
system gives in addition tojim lessening of fire rislp?r als(^ 

been proposed Ho utilise sup^eated steam for heating by spraying 
the sanation wljich it is desired to heat into the steam. Iif this 
way very intinfttt? contact icj obtained and the st^m becomes 
saturated. The operation is so controlled that tfie saturate.d 
steam obtainkl i^at^sufficient pressure for use after being separatSi 
from the concentrated Vquid. ^ , 

A study of the condensable gases in ammonia refrigerating 
machines,* which Consist chiefly of nitrogen andjj^dro^n, together 
with a little oxygen, ha^ led to the conclusicSri that thTpresence of . 
carbonates, acetates, and acetonitrile serves to increase considerably 

* E. B; Maxted, J., 1921, 171t. 

^ » A. Kaesbohrer, G. P. 336, 611 ; J., 1921, 614a. 

*^ E, C. Mo^elvy and A. Isaacs, U, S. Bureau of Standards^ Tech. Paper 
' 180; J., 1921, 287a. 
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tne corroBive ai^tiqn of ajimoi|ia at d^inary tlmpefattires, but that 
l%fs than 0*003% of cartoate is^wit\)ut action. JThe addition of 
0*2% of sodiuiH^ oj potaaaium bichrbiBat^ to the charge preyenfcs 
corrosive action. Advamfcage is taken of the disproportionately 
high vaAjieiof the specific’heat o^ir at ver^^high pressures to*uti^e 
it in place of ammonia or carbon dioxide m refrigerating machines. 
The air is compressed to a very high degree and subsequently 
expanded to a lower but still high (50 atmospheres) pressure.® 

In proce^lfs for purifying gases and condensing volatile vapours 
yglectrical precipitation methods have received a good d^ of^ 
attention chiefly as to details of construction. The capu^^ of 
activated carbon for absorbing the vapour of water, ether, alcohol, 
benzene, etc. has been determined, and useful curves constructed 
showing the relation between the amount of vapour absorbed and 
the partial pressure of the vapour in the mixture. Carbon is useful 
for removing vapours of organic substances, but not for small 
traces of water.® Colloidal silica or silica gel is suggested as an 
absorbent for use in the recovery of gasoline, sulphur dioxide, 
niU^gen cwcMes, ancf vapours ot volatile solvents.’ A variety 
prepare^ by drying the unwashed silica gej from water-glass and 
hydrochloric acid^at 300° C., plunging it vjhile still hot into hot 
distille<t;®I^C!^ashing by decantatidh till free hiom hydrochloric 
acid, drying again at 300° C., and repeating the process tilj a^aterial 
free from chloride is obtained, gi^et a product which has an absorp- 
tive capacity for nitrogen a^ — 190° C., about 63% greater than that 
of the best charcoal.® 

•Continuous, rotary filters seem to be finding an extended applica- 
tion in chemj( 5 al industry, and filter cloths of metallic gauze, or of a 
mixtuBe of melallic filamei^ts with animal or *vegetable^Vres, are 
new’ t!B0d tiore» filliuently. Filter cloths are protected from 
corrosive action by coating them with a suitable metal, either by 
<Q)ray%i§.^i^yggalvanio deposition, care of course being taken not 
to fill u^he pores entirely.® Mat^SlSis which contain colloidal 
matter and are difficult to filter are, if practically free froi^ acid, 
rendered ea^ of filtration by ^he^iddition of%iasic zinc com- 
pound.i® This idea of adding substances to assist in filtration 
sltiuld be capable of considerable extensjpn and is worthy o4 further 
study. ^Improved filter-presses are constructed with wide, double 

® Ges, fiir Lind^ Eismaschinen A.-G., G. P. 3235950 ; «/., 1921, 171a. 

* Ei Berl and Andress, Z. angew. Chem.t 1921, 34f 369, 377 ; J., J921, 
667a. 

’ E. B. Miller, Oiem. ar^ Met, Eng., 1920, 28, 1155, 1219, 1251 ; J., 1921, 
109a. • 

® H. Briggs, Proc. Roy. Soc., 1921, a, 100, 8? ; J., 1921L 700a. 

• J. Hahtjen, G. P. 329,061 and 330,715 ; J., 1921, 203a, 287a. * 

D. P. Haynes, and Roaeberry Surprise Mining Co., U'.S.P. 1,373,887 ; 

•J., 1921, .334a. 
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inle^B and jutrem me ciotnapirc sujiport^a oy \Yici^niesn, aouoie- 
crimped, wire gg.uze shetets, iwppjrted by a few diagonal ribs 
OM the face of the platcf ^ his allows t/e filti^to^ drain away 
freely and prevents the cloth bedding against the plate. Until the 
fr^meif are full, onlj' oite inlet is ysed, thb other serviag to allow 
air to escape. The outlels for each face of the plate are arranged 
on opposite sides so that any leaky cloth can be located and shut 
olf.“ The Joint fe'ommittec referred to before, has issued a Report 
on the Standardisation of Filter-presses.^** The details^! construc- 
""tionr^l^vcr 8(X) cast-iron presses have been collected and proposals^ 
for Sandardisation of dimensions and forms of construction have 
been drawn up and arc being submitted for consideration. One 
fact which has been brought out is an excellent example of tlie 
advantages to lx; gained i)y the whole industry from the WQrk of 
the Committee ; it has been found that the ])ro\ ision of a flange 
on the side of the frame from which the washing liquid is discharged 
considerably increases tlu; efficiency of the washing, as it prevents 
th^ liquid from passing round the (‘dge of tlie cake without doing 
-^i^ny work. Now this fact has bci'n known for some t^ttiiP to mlfHJr 
people, but only now, ^d owing entire.ly to the work of tjfte Com- 
mittee, has it been adapted as a standard featuit' of construction. 
Team work of thM kind sifodldYlo nmch to liel]) tStNii^illia^j’y not 
only by JEficilitating ccaistruciion and replat^craent of plant, but if it 
happily leads to a pooling of knovdedge of, methods of con- 
struction and of manipulation it will sel free much energy for the 
investigation of fresh fields instead of wasting it on rediscovering, 
over and over again, what has already been found out hut not maA? 
public. Another probable advantage that will rcsylt from this 
work wilkl^<;ho simplification of the details of plant whilst retaining , 
the guiding principles. • 

In drying plant, as in many other branches, the year has bep 
prolific in investigations undertaken to obtain data J^^h^k4i5*ther-^ 
ance of improved design aScTmethods of operation.*® The use of 
gases carbon dioxide and sulphur dioxide is advocated for 

drying certain •olfoidal substances such as smokelg^s powder.** 
The gas is circulated over the material, and in the case^of smokeless 
powder takes tp ^h^, and this is subsequently recovered by passiiffe 
the gas through alconol^ 

Another new departure is the application of the^thermo-oompres- 
Bor syj^tem to drying. A drying kiln very ‘similar^o the well-known 
fotary roaster is constructed with hollow met&l hearths^ the steam , 
given off by the material as it passes over the hearths is withdrawn, 

“ C. D, Burchenal, Chem. and Met. Eng., 1921, 26, 476 ; J., lP‘>i , 726 a. 

d* 1921, 401 k. 

« J. Ind. Eng. Chem., 1921, 18, 427 ; J., 1921, 497a. 

G. P. hunt, E. P. 169,465 ; J.. 1921, 726a. 
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teijiperajiiure rdked by Seing#c5liipj;essed* it is 
Kturned to the hollow Ij^arths tj se^ as^he hoatiJng agent. 

Studies bf t?i?^p*rators'havc been continued,^ and in evaporators 
having horizontal tubes it has been found that the heat transmitted 
from the l^uperheat of superheated stea^ is ffmall compar/^d \yth 
that transmitted from the latent heat of condensation, also that the 
maximum cai>acity occurs whtm the tubes are from oite-half to 
two-thirds submerged in the liquid. Other \3xpcriments with 
vertical evaporators concentrating tannin extract have shown that 
••greater efficiency is attained where the heating surface din^shelJ 
in successive effects than in apparatus m which the effects arc all 
of the same size or arc in ascending order of size.^® In evaporators 
working with steam compression {thermo-compressor systems) 
it has been found that much steam is^iequired to drive the com- 
pressors, and that this must be taken into consideration. With 
weak solutions, saving is only effected by linking the compressor to 
the first effect of the series, and w'ith more concentrated solutions 
ajj^ higher grcssurcs,>stcara comi|fession offers no advantages. « 
Piston Comi)ressors arc better than centrifugal compressors, bu# 
the oil tjarried forward with the compressed steam diminishes the 
heat tran smi§ yy)fi considerably. ^ • • * 

The^imriniportancc of maintaining constant conditions in con- 
tinuous distilling and fractionating plant is much too ft’tquently 
ignored and the dc^scriptioil of devTccis regulating pressure, tempera- 
ture, and rate of feed^® is M interest. 

• For the protection of vessels from corrosion metallic coatings 
applied galvanically have only a short life, owing to their porosity, 
and sj^eet nf^l linings are useless where vaci^urn is to^lje used, the 
on !y sfafjtory^m^llic lining being homogeneous lead. ‘ Paint and 
varnish will not withstand mechanical friction and enamel, though 
^ofhei||j^e "^ipQ^good, chips easily. Earthenware linings arc good 
but too%ickiind heavy, and liningaaformed of thin glass plates 
havg been found to be very durable and not liable to fracture when 
exposed to sudden changes of teiBQperature.^®,^ A mixture of 40 
parts of sulphur with 60 parts 5f sand melted together and poured 
iiito moulds*like concrete is a useful material foj tl^ construction 
of acid tanks and gutters, etc. When het it lias a tensile strength 
of 400db. to the square inch, andgt can be pfmred in several separal^j 
lots, as*each fresh lot igelts the surface of the previous one and 
forms a g^od jowt.®^ 

» W. L. Badger, Chep. and Met. Eng., 1921, 25, 458; J., 1921, 725a. 

Depasse, Bull. Assoc. Chim. Suer., 1921, 88, 383 ; J., W21, 681a. 

H. Claassen, Z. angew. Chem., 1921, 84, 233 ; J., }921, 455a. 

“ E^Barbet et Fils et Cie., E. P. 129,648 ; J., 1921, 33a. 

F. Schiiler, Chem.-Zeit., 1921, 45, 315 ; J., 1921, 421a. 

^ R. F. Bacqp and H. S. Davis, Chem. and Met. Eng., 1921, 24, 65. 
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A Wide rule^'tqir calculating Ahe wi^ an(J dry weighti of damp 
material almcment«chaisw or nomograms “ are. useful aids tg 
th§ works manager, and th^r StlaptStion to Aher typ^h^f oalculation 
ought not to present any great difficulty. % 

The question of cowosion of the nyjiterialsMsed in the cc^stjwction 
of Chemical plant is of perennial interest, and the sudden and often 
inexplicable failure of lead sheets, specially those used in acid 
chambers, is unfortunately only too familiar. It is therefore of 
interest to refer to some work on this subject,*® Ilm study of 
etched surfaciis of lead under the microscope has revealed that 
lead wiSch has givem way shows certain segregations in its crystalline 
structure, and although the work is being continued, at present 
Pattinsonian is to be preferred to Park<\s lead, as the latter may 
contain dangerous amounts of zinc which are difficult to dfitect 
with the microscope. 

The use of pumps and pipe lines for moving easity meltt^d solids, 
such as salty creosote and pitch, and of motor trucks and tractors 
in jheraical works, is extending,*^ and those requiring to employ 
l^fety devices against dangerous fases will tind useful dibits in lJ!fB 
paper on industrial respirators.*^ 

A very uspiul material for constructional vgirk in chemical 
factories is the nemhe^t-intereepting glass, lliis m^BNiii^gntains 
small amounts of certain metals ’ such as cerium, chromium, etc., 
which render the glass impervicgis to lysat rays,- whilst the light 
rays are not seriously impeded in their pa|sage. It can be produced 
in several qualities, among which the* “ Aqueduct wire glass,” 
which 'is drip-proof, should be veiy suitable for roof lights over open' 
evaporating and boiling^pans, any moisture that contuses on the 
under su^aiCf being guided by grooves formed in tfile^undes side 
of the glass to a gutter. Another useful kind is tjie “ tJorfUgated 
wire glass ” ; this can be used in conjunction with corrugated 
iron sheets to juovide j^lenty of top or side light at ciiiP.*® 
One can hardly concluefe^ without referring to the ^o*called 
“ colloid mill,” *’ though, as the reports received are somei^al 
conflicting, a refj(re«:,ce will su8k*e. 

« RScolt, J., 1921,96 t. 

» A. A V. \lhiaJBikL C/icm. ^Trade J., 1921, 68, 233, 269 ; 1921, 169a* 

W. G. McKellar, J„ 1921, 137t. 

^ ** S. P. Miller, J., 1921^)15.3t, and . P. Kennedy, J., 1921, 271 

L. Levy and D. W. West, J., 1921, 234t. »• ^ 

^ G. Alleman, J.,'l921, ^41 t. ^ , 

” B. Block, Z. angew. Chem., 1921, 34, 25 ; J., 1921, 169a. 'il, Plauson, 
iMd., 1921, 84, 469, 473 ; J., 1921, 799 a. 
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By J. S. 8. Brame, 

Professor of Chemistry, Royal Naml College, Greenwich, 

Coal. 

J. E. Hackpord^ puts forward interesting speculations as to the 
conditions under which oil «and coal were formed. In the case of 
a deposit containing either animal renu^ins or marine vegetation, 
these on decomposition form oil and gas which, if in a sandy bod, 
are swept away by either gravity or water as rapidly as formed, 
since neither the animal remains nor the marine vegetation contain 
cellulosic material cj^pable of forming a sponge-like mass, wtgch 
would hold^C/he oil in situ during the decomposition stage. 

In tlw case of a buried deposit of terrof^rial vegetation, similar 
decompositioi^'C'uld take plac/5J, but owing to .the cellulosic nature 
of the and its spongy character, the oit is retained while 

decomposition proceeds. With a rise of temperature. iV)t above 
100° C. the oxy- or thioaspfialtenes simultaneously formed with the 
oil are converted into kero^jnes (those portions of bitumen insoluble 
in carbon bisulphides). The kerotenes become more and more* 
iJisoluble, until they are not dissolved by pyridine or quinoline, and 
so remain solid in the sponge-like mass afforded by the cellu- 
losic »tructy^re of the terrestrial vegetation. The amoiaPt pf soluble 
bitumens should^ therefore, be greatest in peat and should decrease 
through iMite, sub-bituminous, bituminous, and semi-bituminous 
^coals^lucn levitated to be the case. • 

“ Petrmeum oils are clearly not deSved from coal ; but given a 
quantity of vegetal matter, petroleum may be produced qpder a 
given set of^ircumstances if no,celfiilose is pres*di»and coal will be 
formed if thp vegetal matter contains sufficient cellulose to form a 
s5)onge.” 

F. Fischer and H. Schrader^ consider also that hydrocarbons are 
formed^from bitumen. The cebuloso is (jpeomposed by bacterM 
agency into carton diokide and water — a cht^nge which can be 
followed ifit'peat. THfe cellulose disappeai^ whilst the lignin ^of th® 
vegetal matter is converted into those wonderfully indefinite 
“ humic substances.” It is claimed that the behavfbur of cellulose 
id lignin respectively with reagents, and the production of phenols 

1 Min, db Met., 1920, No. 163. 

^ Brenmtoff.Chem:, 1D21, 2, 37 ; J., 1021, 172a. 
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froua this jmrtfeikof tile coal sybstanqp, incj^cating that IJhe benzene 
type of structure, in lignin pcrdrsts, show that lignin mustberegardq^ 
ascthe mother-substance fix ^al. *By con(fentrat^on^e*waxes and 
resins in the vegetal matter become incnjased in the coal. • 

^Min^al Matt€j' in Coal. 

F. S. Spnatt, A. Grounds, and F. Bajdcy* yjrcscnted an interesting 
paper on the white (or nearly white) partings of mineral matter, 
ranging in thickness from a more film to one-eighth of an inch, 
^^whioh arQ frequently found in coal. It is found that these fre- 
quent show “ rust,” due to oxidation of ferrous iron ; manganese*"* 
was also shown to be a frequent eonstitiumt. These partings 
(“ ankerites ”) are either substituted calc sj)ar or dolomitised 
siderite, and have presumably been formed by the infiltration of 
water. They play an imj^xrtant pari in the disintegration of* coal, 
forming planes along which cleavage is easy. The (;oal substance 
may be very low in ash, and the analysis of the ash very different 
from that of the ankei’ites, the lattt'r containing no alumina, whilst 
thd* silica content of the true coiW ash is many times greater tl^j^n 
%at of the ankerites. 

H. F. Yancey and 'f. Fra.ser^ hav(' cxteiidcul the work* on the 
sulphur in coal and ttivestigated the important' ^ftcstion of the 
distribution of the pyritic and organic sulphur. Sulphate fihlphur 
was disregarded, being very low in fr(‘shiy mintHl coal. Pyrites 
is very unevenly distributed anJ, {lepenCling on the form, more or 
less removed by coal washing. The Organic sulphur varies in 
differMit coals over very wide limits. In ten coals it ranged froip 
20*4% to as high as 83*7% of the total sulphur. The ordinary 
washing processes do^not remove organic sulphur, tfc^s being part 
of the cdal substance, and when sulphfir content in ttiis iarm is 
high it limits seriously the extent of sulphur removal by washing. 
The distribution of organic sulphur is nearly uniform ^hroughQ*^ 
the seam, and high pyrfric sjjJphur content is not indlcatif© m high 
organic sulphur. No evidence was found of any concentratioji of 
organic sulphur in coal imm^diat-ely adjacent to pyrite deposits, 

A useful devel<5J)ment in the tetivities of the Fuel Research Board 
is the issue of technical papers. In the first of these (T. Gray an^ 

J. G. Kiilg^ describes new laboratory method for the assay of coal 
fpr carbonisation purposes. The, main object, according to the 
text, was the developm\3nt of a standard , method »of carboAisation 
assay ,*by means of Nvhich coals could be characte{i#ied ai^ classified 
with a precision which has not hitherto been attained by any 
method in general use. It is questionable ‘how far the results of 
carbonising 20 g. of coal up to a maximum temperature of 600° C. 

; J.', 1921, It. 

• J. Ind. Elng. Chem., 1921, 18, 35; J., 1921, 110a, 

(7/. J., 1921, 205a. 
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throws liglJt on Results or characteristics which %btain at •tem- 
peratures of ihoro than«doulfto this^axiinum. i’or 02 ?ample, the 
Ifighest gas yield is eqifti valent rto ^^dOqCub. ft. ^at 60° F.), and 
the “ oils •’ TiAre^'a maximum of 39 galls, per ton. Takirig tlio 
minimum “oils” frdm/hituminous coals (omitting a weathered 
sampl^ aT)out 29 galls, per ten is recorded."’ Complete analyses 
of the gases evolved are tabulated ; with three bituminous coals 
with approximately 40% of volatile matter (on ash-free iry coal), 
the carbon dioxide content of the gas is 10*4-l^-7%, whilst with 
four other coals, volatile matter 37 *25 -38-28%, the carbon dioxide 
•is only 4*2-7 -5%. The evolution of carbon dioxide from ignites 
at low temperatures, as recorded by W. A. Bone {loc. cit.), is of 
interest in this connexion. It would have been interesting to have 
compared the oxygen content of the coal with the carbon dioxide 
in th& gases, but unfortunately, complete as the data for the coal 
and products are in other respects, ultimate composition is not 
given. Such data would again have been useful in connexion 
with the yield of ammonia. 

method for determining thc.*.voIatile matter in coal has b6en 
described by W. A. Bone and L. Silver® for which greater accurac/ 
is clainfed than is attainable by the standard American method, 
or by coki^ in- ,a’ fireclay crucible heated in' a muffle. The failure 
of the.!^ Methods to indicate small differences 'in composition of 
anthracite through a seam led to the development of "the new 
method, for details of wi^ich the original paper should bo con- 
sulted. The si)ecial points\5laimed for the now method are accurate 
qpntrol of temperature and of the rate of heating, complete car- 
bonisation at whatever working temperature is chosen, and car- 
bonisation irt'^an inert atmosphere. 

* ^ontanemis Heating of Coal. 

^ •Th^Finsl Report of the Departmental Committee on Spon- 
taneous ^omfetistion of Coal in Misi^s’ contains five sections : 
(1) historical review, (2) Probable causes, (3) Practical aspect as 
applied to coal mines, (4) Hydraulic stowage, i5^j[Jonclusi(fts and 
recommendations. It cannot be sai3 that the findings add in any 
^jay to what was general knowledge among scicntific^men who had 
followed the many researches on the causes. ?t is, however, useful 
to have this collection of historical materi&i and the definite laying 
of the bbgey of j^^rites as^the cause of combflstiOn. It is interesting 
to compa^je the #tet^ent in Percy’s “ Jifetallflrgy ” (1875)» witl^ 
the Commtttec’s conclusion. “ Incipient combustion . . . was 
due to the heat developed by the oxidation of ac^jumulated fine 
coal, just as in the well-known case of a heap of oil rags ” (Percy). 

• ChAn. Soc. Trans., 1921, 119, 1U5 ; 1921, 615a. 

’ Cmd. 1417, 1921. 
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** Tlfe self heaiCng of 6osl is m^Iy d^e to the ablorptioVn of oxygen 
by the coa^ resulting in the g^cration of heat . . in so far as 
tl^e heating effecfts are coaccmiod fiti is a Chemical gjocess and nSt 
a physical process ” (Report). * . * ^ 

It may perhaps Ije well to quote the paragraph in ^e Jleport 
referring to pyrites : “ Some small Amount of heat may be developed 
by the optidation of pyrites in the coal when it occurs in the form 
of marcasite ; but that as pyrites is present in the coal in such 
small proportion as compared with the coal substance proper — 
which is a bad conductor of heat — ^the effect of this heat is negligible. 
TheT!x5ief part played by pyrites when present in an unstable form* 
is that of a disintegrator of the coal, so rendering the latter more 
permeable by air and exposing a greater area of coal substance to 
oxidation.” This might almost be a quotation from the con- 
clusions of the late V. B.^Tjewes. * 

T. F. Winmill* instanced an interesting case where pyrites did 
appear to have played an initial part in starting heating. The coal 
(Bullhurst, W. Staffs.) has such a low rate of heating when pure or 
^when containing its usual amount of pyrites fhat it cg^uld not sttlf- 
heat, yet the coal from the seam is more liable to spontaneous 
combustion than any (fthor coal in the district. ^It does, However, 
(jontain patches of. higH pyritec cont^qt in a finely dwidigd state and 
Winmill considers that the “ initial impulse to self -heating ” lies 
in these'patches. 

In one of the Appendices R. V. Wheeler describes experiments on 
. the rates of oxidation of pyritic and ndh-pyritic coals which show 
that the presence of pyrites actually exerts a retarding action , probabt^ 
acting in the same manner as any other inert material. The experi- 
ments were parried opt in the apparatus Wheeler U8e(i *f6r mea/Suring 
rate of oxidation and relative ignition temperatures off^coaliJ * 

The following results, as c.c. of oxygen absorbed per gram of 
coal in 96 hours, were^ obtained : — 



Barnsley Seam. 

' - ! 

Bullhurst ‘ 

‘ Billies.’’^^ 

* ♦ 

4 

FeSa 

FeSa 

' FeSa 

Temperature. 

Wo 

\7% 1 

5% 

4 ^ 

36^0 


> 

<. 


$ 


30° C. 

3-94 

3-61 

2-00 

- 1-28 

100° C. ^ 

59-90 

42-70 

27-20 

24-00 


« See Ann. Hcjjte., 1917, 2, 20. 

^ Ckem, ^. Tran8,t 1918, 114 , 951 ; Ann. Repts., 1919, 4 , 23. 
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C^l (jlmning. 

^ This very important question hasten dealt with in papers and 
articles by . N^lson^®, G. St. S. PSrroTt and S!® P. Kinney*' and 
F. B. .Jones.*® 

The* great deterioration in tjio qualitj^ of ooal used for ’genial 
industrial purposes — ^particularly “ imscreened small ” — in recent 
years has been a source of loss and trouble in many iAdustries, 
particularly the gas industry and power plants. Sir George Beilby, 
in his comprehensive James Forrest lecture on “ Fuel Problems 
of the Future,” delivered before the Institution of Civil Engmeers, 
June, 1921,*® gave the following averages over thirteen weeks for 
the coal used by the Central Electric Supply Co. : — 



19M-1015 

{WinUir). 

1920. 

CJalorilic vahic, H.TIj.U. . . . . ; 

10, 800 

10,580 

ct ** 

Ash, % 

13-0 

18*4 

t * ; 

Price per foil . . . . . j 

J4s. 6d, 

4.'>s. 2cl. 

^ ‘ 1 


.. 


The 64% ash increase means rather more than 1 cwt.' per ton. 
From other authentic records covering forty separate cases for coal 
supplied under the same designation, before and since the war, 
the average increase in the ash was no less than 63%. When it 
ih remembered that with high ash the mere percentage increase is 
not the fuU^rjeasure of the losses entailed, that greater difficulties 
arise in getting the best out of the fuel, that clinkermg troubles 
ahd tfle cost of disposal of ashes arise, that, in the total, an enormous 
e3g)enditure of other fuel, of rolling stock, and of labour is entailed 
dn hahAing useless mineral matter about the country, it is obvious 
that the election of more extensive installations of cleaning plants 
is b^h a commercial and a national necessity. It is est!lind.ted 
that of the 46 million tons of sleek coal .used for industrial purposes 
nearly 90% is unwashed. 

simplified washery plant, kno^^Ti^as th') Bhkila^eur,” of 
Belgian design, has been described by R. ,Nelson.** It is claimed, 
that the initial cost is low, as are also maintenance and running 
costs, there is economy of space as compared \fith most washers, 
and comp!i£}ated mechanism being absent, control is easy. 

'^'^Engineering, 1921, 112 , 74. 

** Chem, db Met. Eng., 1921, 26 , 182 ; J., 1921,t616A. 

«Proc. S. Wales Inst. Eng., 1921, 87 , 331, 368 ; 1921, 759a. 

*• See Engineering, 1921, U8, 26. 

** Engineering, 1921 , 112 , 74 . 
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Ofte of the idifficuliies with the older type cU washer Aras with 
the very sftiall coal and washojfy fine#, and la great deal of attention 
has been given^o the ^r(^ %tation ^process (Trent procesa^. 
T6is has been dealt with by R. Nelson {loc. cit.)y Beiy!%fc «nd Kinney 
(loc, cii^), and F. B. Jones (loc. ciL). As applied to smalls the material 
is •crushed to pass a scr^n with about one- tenth inch^apbrture ; 
it is thei^mixed with three or four times its weight of water, together 
with about lib. of tar oil, water-gas tar, or similar products, per ton, 
and the whole thoroughly agitated so that efficient aeration takes 
place. The aerated froth carries the coal particles to the surface 
whei^the mass is removed by paddles. 

The process is not dependent on differences of specific gravity, 
so that material of much the same specific gravity can be separated. 
Interstratifiod coal can be cleaned, but it is important to note 
that pyrites is wetted by *011 and so floats with the coal. The oil 
product should preferably give a low surface tension between it 
and the coal and a high surface tension between coal-water and 
oil-water. 

\)ne of the difficulties with all ftnc and wetted coal is the removal 
of water. With the flotation process water may b^removed%y 
vacuum filtration to aiout 10% ; a kneading machine is^cjaimed 
to reduce it to 5%. * ^ ^ ^ 

Results for the cleaning’ of Derbyshire Hard Top coal were : — 





Weight. 

Asi*. 

« 

Fixed 

carbon. 

Volatile 

matter. 

Untreated 

100 

29*55 

48*20 

22*35 * 

Clean coal * * . . . . 

751 

9*^6 

60*24* * 

« 

^'90 

Rejected 

j 24-9 

82*45 

2*75 

*74*80 * 


^ Lignite. 



Sir\). Beilbj^® j;\oted the ipj.portance of lignite and browif coal 
as fuels, pointing out that. *altheugh there may bet 40-60% of 
water p^eseqf, ^ley are by far the cheapest sourct of thermal 
units. In 1920 th^ browft coal and lignite output was 143 milliSn 
<ton8, or 11% of the total coal optput. To this output Qprmany 
contributed, no less thhn lU million tons, and JSeilby makes the 
^following significaht coi^ment : Accordmg to tjie extent to which 
Germany can meet her own requirements mr heat aifi power by 
th^ development of lignite, peat and water power, the output 
of her coal mines wiU be free for export, and she will thus take a 
mQre important place in the markets of the world.” 

James Forrest loc, cit. 



iruBU 


17 


In impf>rj(bnt Colonies,. Australia and Canada, wl\^re there ^re 
large deposits of brown coal, itS full atid efficient utflisation is being 
ii#estigated. A’ Lignite, Utilisation Joajft of Canada has been 
established fin#*<ioAsiderable experimental work carried out. ‘The 
price of* coal in the proviitces of Manitoba and Saskatchewan has 
risen to*sufti a point that the ptoduction j^f a Suitable alternatiwe 
fuel from the large lignite deposits in these provinces was first 
considered, development being on the lines of concentration to 
give the best quality of solid product, the gases aftd tars being left 
out of consideration. 

Working for the Board, K. Stansfiold has studied the carbon- 
isation of low-grade lignite from S. Saskatchewan,^® and as a result 
a suitable type of plant and method have been developed and 
plant capable of dealing with 200 tons per day partly erected. 
It ha8*been found that a short carbonisation in thin layers gives a 
residue of practically the same calorific value as that obtained 
by carbonisation at the optimum temperature (575° C.). The 
retorts in the semi-commercial carboniscr arc long and narrow, 
incited at an angle ot45°. Cast ijon baffles run across the retorts, 
with a clearftice under them of 0-5-1 inch. This arrangement 
ensures a steady slip of the crushed lignite in layers of suitable 
thickness through ^he retorts. -It is of interest to note the use of 
carborundum slabs for the bolbtom of tlie retdrti^a use for high- 
temperature work which appears to be extending, for carb«r.undum 
is also used in the low-teAperatufe retorts in the Smith process 
(see p. 22). « 

^The lignite is very poor, but the results of carbonisation give a 
fuel of quite good value, though high in ash : — 



Kaw 

lignite. 

• 

•• . 

Carbonised 

3 mins, 
at 600® C. 




Uloisture, % 

31-8 

% 

0-0 • 

i • 

Asli, % • 

• 

5-2 

18'8 

Volatile matter, % . . . . 

carbon, % 

• 

,28.9 , 

34,1 

• 

• • 13i2 

68*0 

B.Th.U. per lb! .. • . 

4,260 , 

• 

11,180 ^ 


The yields given are, per 2000 lb. of lignite charged : Gas, 3130 
cub. ft. (385 B.Th.U. per cub. ft.) ; tar, 5-3 Imp. galls. ; ammo- 
nium sulphate, 10-2 lb. ; ( arbonised residue, 910*lb 

J. Ind. Eng. Ohem,, 1921, 13, 21; J., 1921, IIU. 
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L- M. Thompson” gave an accmmt at the Annual Gren^d Meeti^ 
in Montrv-lbfnhe briquettiftg of%he larbonised* residue, m 
residue, becausa of its pftrosj^, found^to requir^ much higher 
proportion of binder than for coS. Coal tar piicj^^as ultimately 
selected, 13 parts by weight being use!! for everj’ 100 garts of 

carbonised residue. • ^ . , , i • x m 

B. P. Schoch^® gives some details of the carbonisation oi lexas 
lignite. '* This contains 32-40% of non-combustibles, several per cent. 
being c&rbon diolide. On retorting at 525° C. the gas contained 
153-33% of carbon dioxide ; by the removal of this down to 
Bomq^2% the calorific value of the gas was raised to approximately 
that of good coal gas. Neither the Texas nor Saskatchewan 
lignite yielded anything approaching the 10,000 cub. ft. of gas 
per ton, which has been mentioned by some writers. This high 
figure has been the result of high moisture acting on (Jarbon 
under different carbonising conditions. 

W. A. Bone^® records the production at low temperatures of gas 
which consists largely of carbon dioxide, with some carbon mon- 
oxide, methane, and nitrogen. Concentration (“ upgrading ”) 
occurs, and Bone suggests the improvement of lighite by such 
moderate heating. <?* ‘ • 

Working in the other direction with a view tet increasing the tar 
products, F. FiscL'er -and H. Schradci®'® heated a lignite, which only 
gave 7%. of tar (on ash-free fuel) at 400° C., with four times its 
weight of sodium formate and obtained i .ver 23% of tar. Using an 
autoclave, under pressure from the steam and gases formed, twice 
the weight of sodium formate gave 43% of tar, whilst eight times 
the weight gave 48 % . 400° C . was found to be the best temperature . 

. , . Peat. 

The Irish Peat Enquiry Committee has issued a report, which 
relates to the winning of peat and various economic factors.*^ 
There has, however, been an important addition pubiished which 
deals with the carbonisatioil of Irish peat in vertical retorts.®® The 
peat -jvas in block form, 10 inches long by 2 inches square, which 
could be cut ai^ ^awn like hjard wood. The blocks jvere broken 
down before carbonising. Sufficient steam (about 6% by weight) 
was passed through the retqrts to quench the coke before extraction. 
Eleven tons was caroonised in 18 hours at 1000° C. The gas yield 
was 14,900 cub. ft. per Con of peat, calorific value 325 B.T^^‘U. per 
cub. ft. (gross). The carbon dioxide content was very high, about 

d' ' 

' ” J.. 1921, 226t. 

' J. Ind. Eng. Chem., 1921, 13, 23. 

Roy. Soc.'Proc., 1921, A99, 236; J., 1921, 499a. 

' ; «» JBreknstoJSf’Ctem., 1921, 2, 161 ; J., 1921, 4.'i7A. 

''( *1 Research Board, H.M. Stationery Office ; J,, 1921, 229a. 

» iW iffA.- Bd. Tech. Paper No. 4; J., 1921; 769a. 
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18%. At th^ lower ‘temperature of 'SOp^'-OOG® €1. ovpr^l2 tons was 
carbonised ; the’gafl yield Vas 13,760 cub. ft^ with a calorifio value 
of ftfeO B.Th.U. TTie chareoal cam<j ou#of<the retorfs in much the^ 
same form as tna'i in whicl^ the peat was charged, but the volume* 
was greq^ly reduced and the weight of carboij^ised product was 
about 27% on the peat charged.* • * 

This charcoal is stated to form an ideal fuel for suction g 9 >s pro- 
ducers, although the ash content was nearly 10%. It would be 
of interest to know how this would affect the working of such 
producers. 

The general results obtained per ton of peat charged in the 
tests at the two temperatures are given h; the table below : — 



i8()o° c. 

At 

800^-900'’ C. 

Peat coke, cwt. . . 

6-38 

6-40 

*B.Th.U. }jlrlb. (dry) 

12,560 

12,650 

Qas, cub. ft. per ion . . 

14,9dl) 

• 

13,760 

Tar, galls, (dry) 

** * 12-6 

21-3 

llefmed spirit (galls.) 

- 

0^ 

Oils (galls.) . . . . « . 

7-8 

151 

1 Pitch (lb.) . . 

43-4 

53-7 

Liquor, gal^oi^ 

• t 

95-5 

t 

87*5 

•• • 

/\4^{<ioni3iin sulph^ (lb.) . . 

29-2 

24-8 

Methyl alcohol (lb.) 

1*53 

ft 

1-44 

Acetoflfe (lb.)P 

— 

M4 

Acetic acid (lb.) 

8-35 

7-4% 

f 



A portion of the tar was steam distilled yielding* th« eqipvalent 
of 5‘2 galls, of light spirit (sp. gr. 0-866) per 106 galls, of tar. By 
further rtfining and distilling to i70° C., puiified spirit equivalent ( 
to 1-7 galls, per 100 galls. 40-36 gall, per ton of peat) was obtained. 
The remauK^r of stfam distillate gave a furt&er 0-7 gall, ^dis- 
tilling to 210*) per 100 galls, of tar. 

The retorts were heated by a portion of the peat gsft, about one- 
third of the total being required in the high-temperajure distillation, 
and it wa» estimated that with a throughput of 3 tons per retort 
per day the surplus gas per ton of peat would be nearly 8000 cub. ft 
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of 325 B.TK.IJ. Removal pf thq^ high carbon dioiide content 
would greatly improve the^gas, although for ihtemal combustion 
pngines this might not be liecesuary. ^ 

Powdered Fu^l. 

« The many advahtages arising ^rom the use of finely pulverised 
fuel have led to fairly extensive development of the system. Instal- 
lations' are becoming common in the United States, and the large 
electric generating station at Hammersmith is equipped for powdered 
coal,**® the particular system adopted here being that of Holbeck. 
Briefly, the coal, after passing a magnetic separator, passes to a 
rotary dryer, where the moisture is reduced below 1%. After 
pulverising it is screened ; for general purposes 85% passes a screen 
of 40,000 perforations per sq. inch, and 95% through 10,000 per- 
forations. The pulverised and screened coal passes into ‘■an air 
separator, where the coarser i)articles drop out ami the fine material 
is drawn by an exhauster fan to a main collector and finally into 
me main storage bin, where it is deposited and the air returns to 
the air separator. From the n\ain bin the ^oal dust is carried by 
a screw conveyer to a fan and is sent forward thf'ough a main, 
with its primary air,v to the burners. Any surplus is oaij-ied on 
through the main back to a second small hoppei;. above the main 
bin, into which 'it Ultimately falls.*' An automatic control deter- 
mines that the amount of dust and primary air is proportional to 
the demands of the furnace. Ilie veloLity of the dust in the mains 
is about one mile per minute and the mixture is said to be so rich 
in coal dust as to be non-flammable. By the return system adopted, 
when the burners are shut down, all dust in the mains etc. quickly 
gets bach^ to the main storage bin. With a Babcqirk and Wilcox 
marine- type boiler, 6994 sq. ft. of hedfcing surface, 8J% efficiency* 
was obtained, the fuel being rough Yorkshire* slack containing 
22*16% ash. ^ 

H. Kreisinger and J, Blji^ard®* point out that good! results with 
powdered fuel are more a matter of proper furnace and burner 
design, and th<? way in which air is supplied, than of fineness ^f the 
dust. Good re^ultts are claimed f^r a much coarser guading than is 
usual, e.g.y 88*6-93-2% passing 100-mesh (per linear inch) and 
64-74%' passing 2Q0-mesk. Boiler capacity is said to be largely 
dependent on the cap^acity of the combustion chamber, ^present 
experience showing that the best results are obtained by burning 
1-1 *S lb. per cub. ft. per hour, although “ §ood ” results are obtained 
over the wider range 0*^ to 2 lb. ' ; 

;J. Andersop,*® who is chief engineer to, the Milwaukee Electric 
Railway and Lighting Co., and who has had a big experience with 

‘ Engineer, 1921, 132, 90. 

Araer. Soc. Eng., 1921. 

1091 IftO 1«9 



FUEL^I 


21 


powaerea luei, cieais at Jengtk witlii the advantaged ana plant. 
H^onsiders that there is a minimuni limit to th§ size of plant 
suitable for po^iflere^rl fuel,* viz. 250D h.p. p5r 24 hours. Tests witl\ 
five similar boilefs with powdered fuel and mechanical stokers 
gave the^actfial gross efficiencies ^f 86-67% for powder, and 
for stokers, but the net efficiencies were ^ot greatly apart, viz. 
72-32% and 70-88%. Considerable advantage, however,* arises 
when the boilers have to be “ banked ” ; with powdered fuel the 
brick-work is so hot tliat after dampers and air inlets are closed 
pressures can be maintained for several hours. 

One of the difficulties which has been met with in the use of 
powdered fuel has been slagging of the ash, rendering its removal 
difficult. Anderson says that such trouble is due to insufficient 
air, so that furnace temperatures are too t^gh. Properly operated, 
the ash should be deposited, and can be removed twice every 24 
hours. A large proportion of the ash is carried away in the gases 
and out of the stack, and in the Milwaukee plant there has been 
no tendency for slag to form on the tubes. , 

Adbording im a MelEourne correspondent**® pulverised lignite is 
corning into use and several firms have adap^d their boilers to it. 
Provision is being made for the ^stallation qf a large pulverising 
plant near Melbourne to suppl 3 *the fuel “to induatriiil undertakings. 
No mention is made about the conveyance of the fuel to t^c user, 
but the delivery of any fori^ of puWerised fuel for comparatively 
short distances from the pulverising plant through mains by com- 
pressed air would appear quite feasible. The system would have 
to^oe provided with return mains in order to bring back the dust 
to the centri^l^)lant when the outlying installations shut down, 
otherwise it ^ould deposit ip the mains. 

“ Smokeless Fuel.” 

Ift a paper ^n “ Lfow-Temperature Carbonisation and its Appli- 
cation to High Oxygen Coals,” S. W. Parii^andT. E. Layng®^ put the 
case f^>r loW- temperature carbonisation thus : “ If a Scotch oil 
shale, yielding 20-25 galls, of oil p^ ton and n j by-producis of 
value (sulphafe of ammonia ?) is voA:able proposition, why may 
wejiot look with favour upon a bituminous coal having^ a potential 
yield of liquid fuel of 20-30 galls, per ton* and aiby-produof in the 
way of a*smokeless solid fuel of e^en greateii value than the oil? ” 
It seems fo be assumed b^ these authors thfPb the liquid products 
from coal ai;| of eq^^l vjilue to those from ghale. • They pointniut 
that the problem is to get the heat to the centre of a poor conducting 
mass without doing violence to all ideas of temperajbure control, 
and point to the coke oven, where, with an 18-inch section and a 
wall temperature of 1000® C., the carbonisation sta^e at the centre 

**® Times Eng. Supp.^ Dec., 1921, 336. 

” J. Ind. Eng. f hem., 1921, 18, 
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requires ^at feaMt 14 hours c^t of h. totfi of IjB Ivours. Parr, and 
Layng refer to, but ^ive <few useful p^articulars of, a sugg^ed 
f)rocess of theirs which is' defiendent uponi th^V “^-utogenous ” 
exothermal reactions of coal decomposition, which are* most in 
fviddnce between <500° and 400°<,C., and state that«th6 volatile 
matter in the product^ is from 5 to 10%, depending on the coal 
and the ultimate temperature. 

The difficulty* of heat transmission sufficient to bring about the 
necessary carbonisation of the interior mass with moderate wall 
temperature, and in a reasonable time, may be regarded as solved 
in two or three modern systems, in which the charge is stationary. 
In the Smith plant, already operating on a fairly large scale in 
America, high wall temperatures are the practice and the coal is 
continually stirred during carbonisation, and passes continuously 
through the retorts, so that whilst the actual distillation takes place 
at a low temperature (465°-525° C.), the big temperature gradient 
ensures rapid heat penetration. 

*• The Smith “ continuous sy^stem ” certosinly marks a distinct 
advance in carbonisation, and excellent account? of the plant 
have been given byCr. H. Thurston^® andH. A. Curtis.** 'A note- 
worthy point is the use of carborundum walls for^the special heart- 
shaped section ‘fetbrts. “^he volatile matter is reduced to about 
10% ; resulting semi-coke is a soft porous material, suitable for 
water-gas plants, producers, ftnd boilbr firing, but is not adapted 
for transportation. It is ground and' briquetted with hard pitch, 
and then retorted at 1000° C. in retorts set at a slope of 30°. 
The volatile matter is reduced to 3% and the blocks have proved 
ve^ suitable for ^use under stationary, locomotiye., and marine 
boilerSj arid are claimed to be suitabltJ for blast fum?.ce utfe. It is 
questionable, however, whether with so low a volatile content as 
3% such fuel would be suited to the open fireplace in this country. 

One advantage of Such ^ process is that it camdeaWith a wide 
variety of bituminous coals ; owing to the retorts being onl^ half- 
full <ind the amtation of the ojiarge, the troubles met with in several 
designs of plant owing to sWelling of the charge and difficulties of 
discharging do not arise. Over one hundred coals have been tested 
with Satisf&ctoiy cresulty. The average results for twenty-nine 
coals containing ovei^ 32% of volatile matter were : briquettes, 
66% (12,874 B.Th.U.) ; gas, gii57 cub. ft. ; (iry tar, «34 galls. ; 
ammonium sulphate, 211b.; light oil* from J*be gas, 1*87 galls, 
per ton dry coal. * • 

, An extepfiijve low- temperature plant of* the Tozer design is to be 
erected in South Africa,*® and will consist of 24 Tozer retorts, with 

" 1021, 61t. 

' *• J. hvd. Eng. Chem., 1921, 13, 23. 
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a maximum capacity 120 ^ons ][Jer day. AftA' condensation, 
sobbing, etc., the retort gas (about J80(J bub. ft. {)or ton) will be 
mixed with^g^’ frSm the producer plant, a portion of the mixed 
gas being taken to the betort settings. Alternatively the low- 
temperatufb gas may be passed#to the setting^. Seven pro(iuceis 
will gasify the low-temperature coke, there being provision for 
ammonia recovery and oil washing. The bulk of the mixM gases 
will generate steam in water-tube boilers, and thiS steam will drive 
two turbines, each 1250 kw. at 2000 volts. A calcium carbide 
factory with three single-phase 800 kw. furnaces will form part of 
the plant and is estimated to produce 4200 tons of carbide per 
annum. 

Considerable publicity has been given to the new Barnsley plant 
of LcAv-Temperature Carbonisation, Ltd.®^ The technical diffi- 
culties due to swelling of charge and the difficulty of discharging 
have been overcome by the use of collapsible perforated plates 
(of manganese cast iron) so arranged in the flat retorts that when 
cha|*ged there is a la^^cr of abou^ three and a half inches of C(ml 
between eithtr side of the plates and the retort wall. After car- 
bonisation the plates are brought closer together, and at the same 
time given an ijp^ard and downward motion respectively, so re- 
lieving- any pressure and breaking do-vm adhesion of the coke. 
The fuel leaves the retorts in slabs about 3'5 inches thick^and two 
or three feet across. One^f the (Kfficulties with low- temperature 
coke has been the quenching, for water caused a good deal of damage. 
In the Barnsley plant it is cooled in an air-tight chamber below ' 
each retort and each chamber is water- jacketed. According to 
The Engineer cit.), the product from the entire battery of retorts 
did ndt appear to^e eqtte-lly carbonised, “some of thfe pieces 
appeared to contain a percentage of more or less green coal which 
weuld certainly not be free from smoke.” 

The follawiii^results were obtained in. a To'zer plant for a through- 
put pf 22 tons of bituminous coal of the proximate composition : 
moisture, 2-34 ; volatile matter, ^25-10 ; fixed .carbon, iS-GS ; 
ash, 19’0%.* The yields per t^n w8re : smokmess fuel, 16 cwt. 
(moisture, 3-ft ; volatile matter, 9-85 ; fixed carbon, 63*11 ; ash, 
23*34%) ; crude oil, 16*2 galls, (contaming 1^*4% ft taf acids) ; 
motor spirit (by stripping), 2*5 galls. ; amny)nium sulphate, 36*8 lb. 
The smokeless fuel when gasified in a Moore producer plant gave* 
124,000 cuj). ft. q^ga^er ton, equal to 99,200 eub. ft. per ton of^ 
coal retorted ; and l(fo lb. of ammonium ‘sulphate (86 lb. per ton* 
of coal charged). The^ retort gas would be aboul^ 5800 cub. ft. 
per ton. 

‘ The T^hole fraction of a Barnsley tar distilled up to 300^^ C. 
(^out 57%) has been successfully used with a cold start m a 

Engineering^ 1921, 1X2, 696 ; j^ngineer, 1921, 182, 464. 
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Ruston-^Jornb^^^ oil-engine, Uhe coiisumjtion at most economical 
load being 0*49 lb. pdr b.k.p. All low, -temperature tar oils/4re 
characterised by a high percentage of tar acids— u$» t«> 30%. The 
oxygen content is consequently high* and defracts from their 
calorific value. It is doubtful Wiethcr it would be «5orfomically 
sound to remove the acids, but from the point of view of the use 
of such^products in Diesel-type engines the behaviour of the tar 
acids on combustion requires special investigation. 

Oil Fuel. 

Owing to the coal strike there was a remarkable increase in the 
use of fuel oil in this country, and many of those who adapted their 
plants for its use were so convinced of its advantages that serious 
consideration has been ^ven to the advisability of continumg the 
use of oil. The economic question will naturally determine how 
far, and in what particular cases, it will pay to use oil instead of 
coal, and in this connexion it must be remembered that the total 
cVude oil output of the world (cily amounts' to 10% of theicoal 
output, expressed in terms of relative calorific value. Further, 
ensured supplies and'la steady price can alone determine the ex- 
tended use of oil^ eVe*n assuming tfic^ price enabW oil to compete, 
all its advantages considered, with coal. 

Althcfligh the coal strike commenced at the end of March, owing 
to stocks in hand and the time requireif'for the conversion of plants 
from coal to oil, it was not until the beginning of May that a marked 
increase in the use of oil was fobnd ; by the end of May one large 
firm was supplying ten times the normal quantity ; June was the 
record moqth, when some fifteen or sixteen times tlfe‘nornial deli- 
veries of fuel oil were made, and the timely assistatice gaye 
enabled many plants to cariy on which would have had to close 
down. A great increase at once arose in the use of/)il for loco- 
motives and in large electiac power plants, and atoong^ industries 
vital to the country which carried on with the help of oil mg^y be 
menttbned iron^ijd steel, cottqn mills, paper mills and glass works, 
besides the general use for nfanufacturers’ power plarfts. 

Supplies (jf qil appear to have been ample, but^the great^t 
difficulty was expeiienced in providing transport, as the oil had 
^to be distributed from a few centres, mostly on the coast. • It was 
mpstly conveyed by foad tank wagons a^nd by barges. Some was 
,sent (n barrels, irMeed pne firm filled and ^espg^ched ^ one week 
12,000 barrels. Owing largely to high freights and 'the general 
delay of railway tank wagons, a comparatively small portion was 
conveyed by rail, possibly some 25%. 

4 type of oil fuel atomiser, the “ Rotamisor,” which introduces 
a novel method pf spraying, has been brought out. The oil ‘is 
fed through a central pipe to a cone with serrated .edges. On this* 
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pipe the cone rotates on jball Bearing, being driv^ by ^anes in 
th^ir or steam blast pipQ in the large? atotoisers ; •in the smaller 
sizes (0*5-l*5g8lls. ind 1-5 galls. f>er £our^ the cone is rotated by^ 
an impillse-t}T;)e turbine Vheel, the rapid rotation forming a 
spray. It fe claimed that atoniisation is very perfect and th(i 
flame consequently not so intense as many oil flames, a “ soft ” 
heat resembling that of a gas-fired furnace being obtained. 

R. E. Mathot®® has contributed results of test^ with vegetable 
oils in semi-Diesel type engines, mostly two-cycle, which he says, 
work perfectly with such oils. Tlic oil consumption per b.h.p. 
averaged for palm oil, 0-60 lb. ; cotton seed oil, 0’65 lb. ; and 
for a heavy mineral oil, 0-57 lb. He concludes that where the 
oil is used on the spot, and has not been subjected to costs for 
handling and transport, the cost per b.h.]). hour would be 0‘8- 
I'O pence. 

The use of vegetable oils, Mathot says, may have an important 
bearing on transport in the producing countries, where the price 
of myieral oil is usually; very high agd it is practically unobtainable^ 
except at certain centres. In particular he directs attention to 
castor oil, which he has burnt with success ^t a consumption of 
0-52 lb. per b.h.jj. ^lour, and proceeds : “ According to certain 
colonial authorities, the planU from wbich thic oil is abstracted 
grows as a weed in almost all tropical and semi-tropical countries. 
If cultivated for the purpo^ it may become a valuable source of 
motive power in every colony.” Perhaps here he has more particu- 
larly Belgian colonies under consideration. 

Colloidal Fuel. 

[fhisJijevelDpraent^has aftracted considerable attentiort since 
it was tot mentioned in these Reports,** and a long and exhaustive 
paper by S. Sheppard** has appeared. L. W. Bates and H. 
O’Neill also»vis’i^d this country and read ^wo papers before the 
Instit^jtion of Petroleum Technologists. 

Sheppard states that the idea of burning a suspeiwion of calbon- 
aceous mattet in mineral oil appears* to be neany as old as the 
us^ of fuel oik He might have added that horizontal-retort tar 
is not a novelty as a fuel, and contajin^ anytliing* u^ to 20% of 
“ free carbon,” held in more permanent su^ension probably than 
the powd^ed coal in most “ colloidal fuel,” and that it is a “ colloidal 
fuel ” whiclj^has n^J) been regarded with favour. •With a view to 
meeting the great difiiculty of supply of fuel oil, threatened by the 
German submarine warfare, Sheppard prepared composites,” 
which contained up to 30% of powdered coal incorporated with 

Engineer, 1921,132, 138. 

»* Ann, Repts., 1919, 21, and 1920, 30, 81, 82. 

»* J, Ind, Eng,^Chem,,\m, 18, 37; J., 1921, 110a. 
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“ an antient sl)ecimen of oiF^from U laboratory oil bath — plus one 
or two things*^ thrown* p ^r luck,” an(J the promise which Hlese 
•rough mixtures gave of stabili^y led to the rfesuHs being referred 
to L. W. Bates, Engineering Chairmail of the l^ubmarin^ Defense 
,As8o6iation (U. S//. * 

Sheppard defines “ colloidally combining ” as “ stably dispersing 
pulveifeed coal in fuel oil, forming a uniform composite, the stability 
of which at ord'mary temperatures should be reckoned in months, 
while amply sufficient at higher temperatures to permit atomisation 
by fuel oil burners.” 

It is a very debatable point how nearly these composites approach 
the colloidal state, or if they are merely fine suspensions in fairly 
viscous media, with consequently a slow but nevertheless certainty 
of more or less deposition of the coarser particles in time. Stabilisers 
or fixateurs, such as lime soaps, which form emulsoid colloids with 
mineral oils, are added to prevent clotting and separation. These 
increase the viscosity of the oil, but this is not the sole condition 
conferring stability of suspension, for oi^s thickened by ^ther 
means, e.gf., vaseline, to the same viscosity, ga^ much lower 
stabilities. > 

Further, stability may Jbe obtained by pepVising ; thus tar oils 
containing creo&ot6 and naphthalene were found to stabilise the 
“ free carbon ” suspension in some residual oils from petroleum 
distillation. Sheppard found* that ccfcnposites to which peptising 
substances were added when maintained at relatively high tempera- 
tures increased in viscosity, the number of ultramicroscopic particles 
(in xylene solution) being greatly increased and showing the 
Browniaq ^moveme^t. 

Peptisation does not appear to produce complete ability,* 
in the oil- tar medium. “ Generally it is easy to secure 3 to 4 weeks* 
homogeneity. After this the composite generally ^parates into 
an oily supernatant top layer over a more viscouSr masK.*’ It may 
be re- mixed “ and only very slowly, tends to pass to a deng^ soHd 
mask.’* The ^^oidal fuels pf this type are claimed to be more 
readily and cheaply compoiindedithan those in which stabilisation 
is effected by an external protective colloid— the fixuteur — and^e 
perfectly satisfactory atf liquid fuels for land installations. Or, 
again, the two processes may be, .combined. 

One of the greatest claims put forward for the value oi colloidal 
fuel®is its suitability fpr use on board ship. Gt shore^ there seems 
little ground for doubting its applicability, because stirring devices 
ckn easily be^arranged in tanks, but on the other hand, what advan- 
tages does it offer in land installations over pulverised coal alone, 
or. pulverised cbal burnt simultaneously, but independently, with 
fuel oil ? Until it can be very conclusively ^tablished that colloidal 
fuel will not d^^sit heavy s^iments of the coarser coal particles, 
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allowing that the . finer inatei^al reAiains inclefinitefy suspended, 
a4^ that the accidental^ contaminatitn with sea-^water will not 
cause flocculation, '^no marine engineer will be likely to entertaijx 
the pr(J)osition of filling’ his oil bunkers, particularly double- 
bottom^ -v^th a fuel which may^iause endless trouble with blocked 
suction pipes. He has even had cause for ’tears with some fuel oils 
not intentionally containing “colloidal” carbon. » 

Most of the claims for the advantages of collcfidal fuel may be 
conceded, such as that the ordinary methods of burning with 
fuel oil may be adopted (many engineers, however, expect consider- 
able abrasion of the orifices of the atomisers) ; that per unit volume 
it may contain a greater number of heat units than oil alone ; that 
it is free from risks of spontaneous combustion (but for all practical 
purposes so are coal and oil in bunkers) ; n that a fire can be readily 
extinguished by water because the composite is heavier than water. 
The crux is stability. Sheppard expresses the belief that colloidal 
fuels can be made just as stable as needed, and that laboratory 
prepared samples hav,f lasted 12-1^ months, but he mentions in the 
succeeding paragraph of his excellent paper that “ re-agitation, 
before sedimentation has proceeded too far, will give a further 
extension of life.’' • • • 

• * • > « 

Peteol Engines. 

» 

A most important serie^ of articles on the influence of various 
fuels on the performance of internal-combustion engines has been 
pjiblished by H. R. Ricardo,®^ and a comprehensive study of the 
various fuels, and the phenomena attending the combustion of 
those used by» Ricardo, has been made by H. T. Tizard and B. R. 

* Pye.®«*^Theinvest^ations %ere generously financed b^*ODe of the 
large petroleum companies, who desired the work to yield results 
oh real scientific interest, and not to be restricted to limits which 
would be «f dfrect commercial value to thefnselves alone, and who 
genejously gave permission for the publication of the results. 

Two most important factors are^ liability to d^onation end to 
pre-ignition*^, they are not the 6»me fliing— the fSSner is the result 
of combustioa, whilst pre-ignition is a cause of combustion. Carbon 
bisulphide has a very low ignition temperature (275^0., "by adia- 
batic compression). Ricardo found that jt could not be used in 
either of his experimental engines because of pre* ignition, but thi# 
was not aqpompapjed by detonation — indeed, it actually raised the 
detonating point of the aromatic-free petrol used in the experiments* 
which had an adiabatic»compression ignition temper|iture of 353° C. 

Ricardo has proved that the tendency of a fuel to detonate is 
so important that all other considerations are secondary, since the 

. AtUo Eng., Feb.-^iig., 1921. 

Loc. cit. 
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compresi^on ratio which can safely^ be employed ib limited by the 
tendency to detonation, and the power ^output and efficiency#iwe 
in turn dependent on compressioii ratio. ^ <5 

Whilst pressure is the paramount factoi in determining detonation, 
other ■ factors play an important. part, namely the dejigh of the 
combustion chamber, and turbulence (speed largely determines 
the degree). The rate of burning of the mixture is also important — 
a weak mixture and a richer mixture both slowing down the rate, 
but with the former there is too little range, whilst stronger mix- 
tures, which give the necessary flexibility, enhance consumption 
of fuel. Continued detonation, which is evidence J by the blow 
on the walls of the cylinder producing audible “ pinking,” may 
induce pre-igniti(jn because of the heating iq) of the plugs, or any 
projections in th(i cylin<<^er. 

But to the chemist the influence of composition is of paramount 
interest. Ethyl alcohol, acetone, toluene, and xylene could not be 
induced to detonate in the engines, and the addition of, for example, 
toluene would raise the detonation j)oint pro^ rata with the weight 
added. Benzene proved markedly inferior to toluerte in chec^king 
detonation, whilst xy\ene occupied a i)osition intermediate between 
the two. Etliyl alcohol proved bj^. far the most effective. 

It was found ithat some fuels, notably benzene, gave pre-ignition 
when thp compression w^as raised to a 7 : 1 ratio, without preliminary 
detonation, but the addition^' of a ijiall i)ortion of paraffins, 
naphthenes, methyl alcohol, and methylated spirits would induce 
detonation at high compression ratios. 

The members of the same series of hydrocarbons may hai'e 
widely varying effects on detonation. Thus it was found that a 
nearly puVfc heptaife gave detonation^ with the low ^compression • 
ratio of 3-75 : 1, whilst an aromatic-free petrol, of which Ticptahe 
forms part of the lighter constituents, had a much higher raj^io 
.(4-85 : 1) and even in small quantities increased tke*'t^ndency of 
hexane to detonate. It is concluded that the heavier members 
of th^ paraffin series detonate more readily than the lighter *bnes. 

An interesting •point is wkAhe^ any connexion exists between 
detonation point and the spontaneous ignition temperature of the 
fuel. Broadly, the Jesuits, showed that the latter might be taken as 
a very approximate indication of the tendency to detonate, but 
'the relationship w^as uijfcliable. It does not appear from Ricardo’s 
results that the vapour in the cylinder haii^'an ignition point directly 
'related to that of the liefuid, as determined "by tEe usual method of 
dreyping the liquid into a heated vessel. Tk'is Ricardo found the 
self ignition temperature of benzene by adiabatic compression 
with air to be 419° C., whilst Moore®’ gave 566° in oxygen by 
the' drop method ; for toluene the figures were re^Jectiveiy 

« J ,, 1917, 169. 
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422° and 511° C. Ethyl alcohfxl, again, gives Dractjci^lly the same 
“ Moore ” figure, 518°, as'^toluene, but a value nearly one ’hundred 
de^Fees higher /5l4°) by adiabatic compression than toluene. 

Generally, tlie ^practical, outcome of Ricardo’s work, as far as 
composition of the fuel is concerned, is that if a sufficient proportion 
of aromatic ^ hydrocarbons, particularly toluol, is present thtl 
majority of engines can be run at maximum efficiency^ on an 
economical mixture. But some engines arc so badly designed 
from the point of view of detonation that they can only be run 
at the ordinary efficient compressions with an over-rich mixture, 
and this probably accounts in some part for the excessive petrol 
consumptions in the U. S. Bureau of Mines’ tests referred to later 
(p. 30). , 

Appreciation of the importance of aromatic hydrocarbons is 
leading^ to vendors paying special attention to the composition of 
their motor spirit, and in this connexion the valuable method of 
estimating the aromatic content of petrol described by H. T. 
Tizard and A. G. Marshall** may be referred to. 

Ease of starfing with! a petrol typ^ engine depends upon a number 
of factors in the general design of the engine, particularly in that 
of the carburretter, but the vapour pressure of the fuel has an 
important and well-recognised ' influenep. 

With a cold engine the latent heat of vaporisation of a fuel 
becomes important, in copjunctiop with the fuel-air rsttio by 
weight. For the usual fuels, petrol and benzol, these are practically 
the same, but with some other fuels, notably alcohols, they are 
vejy different. Thus the latent heat of vaporisation of alcohol is 
2*5 times that of /Petrol, and about 1*6 times the weight of alcohol 
is required to 'give an inflammable mixture iw a given* cylinder 
volpmot It lollows^that about 4 times the amount of fieat is 
required to furnish a combustible mixture with alcohol than with 
petfol. For the practical use of alcohol the a4dition of a proportion 
of ether, with its high vapour pressure, is required to render starting 
easy. ,This type of fuel mixture is used fairly widely in South 
Africa under the name of Natalite. « ^ 

The followmg conclusions respecting starting are set forth : — 
(Aj^On no petrol will an engine start from cold witb^aq, economical 
mixture strength, (b) On commercial petrol of^reasonable quality 
a cold start can always be made pi^vided sufficient fuel is admitted. 

Much of Ricardo^ work in this connexion is 6t priinaiy importance 
in the desigp of caiburr§tters, but his result^ also ^oint to another 
cause of the very inefficient results recorded by the U. 8. Bureau 
of Mines’ tests (p. 30), Where the carburetters were-* undoubtedly 
adjusted to ensure an easy start and flexibility, but allowing an 
unduly ric^ mixture to enter the cylinders in ordinary running. - 

•* J., 1921, 2()t. 
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\ « 

A comprehensive paper giving a j^omparison of an alcohol-petrol 
aviation ‘fuel with aviation petrol has been issued by the U. S. 
National Advisory Coinmi^J^ee for Aeronautics. The work 
harried out by V. R. Gage, S. W. Sparrow, *apd^I).' R. Harper. 
Aviation “ alcogas ” is stated to be “ probably ” a blend, of 40% 
alcohol, 35% petrol, 1,7% benz6l, 8% toluol, ether^, etc. The 
characteristic of fuel mixtures of this type is their ability to work 
to high compressions without “ knock.” Two series of tests were 
made, one with a compression ratio of 5*6 : 1 (usual for petrol in 
the engines) and another at 7*2 : 1 ratio, which could not be used 
for petrol. At the low compression the mixture gave the same 
power as petrol at ground level, but at the equivalent altitude of 
6400 feet about 6% more power ; at the higher compression there 
was an average and fairly uniform increase of 4% at altitude. A 
fuel consumption per B.PI.P. of from 10 to 15% more by weight was 
required as compared with petrol to secure this maximum power, 
but since the mixture was denser than petrol the fuel consumption 
by volume per h.p. was practically the same. The thermal efficiency 
df the mixture was about 15% higher than with petrol. Since, unit 
weight of the mixture is about 22% lower in calorfec value than 
petrol it is evident that the available energy is more fully utilised 
than in the case of fetrol., A motor fuel by the same makers as 
“alcogas” has "the following composition: — ^Alcohol, 4()-"60% ; 
benzol, •25-35%; petrol, 30^%. « 

An important paper by A*. C. F^eldner, A. A. Straub, and 
G. W. Jones deals with gasoline losses due to incomplete combustion 
in motor vehicles.*^ The tests were really imdertaken by the U.^S. 
Bureau of Mines to investigate questions relating to the ventilation 
of the preposed turnel under the Hu^on, being thuii spe 9 ifically 
concerned with the composition of tne exhaust gasOs, W they 
throw a great light upon the waste of petrol by the average vehicle. 
Over one hxmdred lorrjes and passenger cars were examined, under 
winter and summer conditions, on the level and^up^ and down 
gradients. The average percentage of carbon monoxide in the 
exhaUst gases ¥,tyjer all conditions of tests was : — ^for S-seater cars, 
6*3% ; for 7-seater cars, 6‘fe% ;• for light lorries, ff*9%. These 
figures are cjpsejy approximate to the mixture composition requmed 
for maximum power, but" are very wasteful from the standpoint of 
^petrol consumption. An interesting test was one in which the 
mechanic set the carbiSretter according to, experience at the “ best ” 
^.settifig. The exhaust gases contained iC[*2%«of carbon dioxide 
and 6*4% of carbon monoxide. A further setting td give a less 
ricih mixture gave 12% of carbon dioxide, 2% of carbon monoxide. 

No, 8®. 
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and a 31% increase in mileage ! The theoretical ?i.ir required 
per lb. of petrol for compkte combustion is approximate!} ' 16 lb . ; 
forfaaximum thermal efficiency about l»; lb, ; for maicimum power 
about 12-13 Jb. - Ijb »vas concluded from the tests that 50-76% of 
the daily waste of petrol could be prevented by proper adjustment 
of existing carburetters. Higher ‘percentages of carbon monoxide 
were found in the summer tests, the mixture being naturally richer 
than under winter conditions, which suggests the desirability of 
alteration in the setting of the carburetter to suit seasonal tempera- 
tures. 

Some interesting particulars of tests of a marine Still oil engine*® 
have been published.*® It will be remembered that in this engine 
power is obtained from oil (on the Diesel principle) and steam 
generated by the otherwise waste heat in the exhaust gases from 
the oil Cylinder and the cooling water jacketing this cylinder. 
Once the engine is hot no steam boiler is required, but for starting 
up one is employed. The particular engine referred to worked 
on the two-cycle principle, the cylinder diameter was 22 inches, 
the stroke 36 inches, ai?rl the following results were obtained : — 



10% over 
load. 

Full 

load. 

Ilalf 

load. 

Quarter 

load. 

Kngine b.h.p. 

' 384 

343 

174 

88-5 

Oil per b.h.p. hour (lb.)* . . 

0-382 

0-360 

0-367 

0-415 

• 

Per cent, efficiency* 

37-0 

39-4 

38-5 

34-0 

, „ » » , net .. 

, ® '1 IF 

,*'5-5 

37-7 

35-8 

■ 3i)-0 


* All auxiliaries except scavenger blower were separately driven. 

The report^of a deputation representing the French Government 
and cojnmercial interests was that with a good Diesel 4-cycle 
engine the oil consumption would hav^ been at leash 10% higter, 
and with a 2-cycle engine 20 %• higher. 

Fuel Economy. 

Probably the most important development in (jonnexion with 
fuel problems during 1921 has been the very wide discussion which 
has taken place befe^e various institutions cji the better empldy- 
ment of fuel. Doubtless the high price of all fuels has done more 
towards advancing the economical utilisation than all the exhor- 
tations of specialists during the past few years. 

9 Ann. kepts., 1919, 4, 19. 
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The summeij meeting of tjje" Institution of Mechanical Engineers 
took thh form of an informal conierencfe on “ Means of Improving 
the Thermal Efficiencji. of cMea^^. Power Plants ”^* In all, siSfeen 
•papers were presented and a comprehensive range^of ’problems was 
discussed. The Institution of Civil Engineers held several confer- 
•ences, amongst them an Enginedting Conference, where discussions 
on th^ utilisation of waste heat and of exhaust steam took place. 
Further, a Fuel Economy Review was promoted by the Federation 
of British Industries. In the United States a valuable series of 
papers were presented before the Industrial and Engineering 
Chemistry Section of the American Chemical Society. The various 
papers covered a wide range, including low temperature carbonisa- 
tion, lignite carbonisation, by-product coking, sulphur distribution 
in coal, the sulphur content of coke ; colloidal fuels, gasoline 
losses due to incomplete combustion, and general fuel oonsei-vation. 
Several of the papers have already been noted. 

In a paper, “ Fuel Conservation, Present and Future,”^* 
H. C. Porter points out that many expedients for increasing efficiency 
involve large changes in existiftg plant and^equipnj^mt, which take 
time and incur large capital expenditure, which financial conditions 
would make it diffiJfult to provide under prepnt economical con- 
ditions. It would appeQii sound* policy to concentrate in the first 
place on raising the efficiency of existing plant and a better utilisa- 
tion ol waste heat. The low^ efficiency of the average steam plant 
has been amply demonstrated recently, largely through the publica- 
tion of tests by D. Brownlie. Control of combustion is the present 
most practicable method of dealing with this inefficiency, andtthe 
improvement of ill-designed plant would naturally follow, when a 
standard. of efficiency to which any plant mightf Veasopably be 
expected to work had been establiSied. The advkntag<F. tcv be 
gained by super-heat and feed-water heating are appreciated 
widely, but general industrial plants are not constisacted on these 
lines. 

The utilisation of waste heat from furnaces is another direction 
where great V*«onomy is possible. Flue gas temperatures from 
most industrial furnaces are vefy high and the waste heat boiler 
may effect^ graat savings. It has been pointed ouf elsewhere that 
the hot gases froth many industrial furnaces frequently carry off 
over 70% of the available heat nnits of the fuel, when regenerators 
are not fitted, and Ae following heat .balance-sheet for an open- 
hesirth steel furnace has been quoted : — ^Ifeat ttsediniimace, 27% ; 
relation losses of furnace and regenerators, 29% ; radiation from 
producers, hD% ; losses in producer ashes, 3% ; heat lost in flue 

**-Proc. Jnat. Mech. Eng,y 1921, No. 6. 

J. Ind. Eng. Chem., 1921, 13, 14 — 68. 

*« J. hid/Eng. Chem., 1921, 13, 47. 
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gases, 31%. ^Wifh a waste-heaj boil^, 80% dfficie^oy, and coal 
of ^,000 B.Th.U.j the wasfe-heat boiler woul^ utilise 3200 If.Th.U., 
the equivalent 0 ^ 2-8 Jb. of steam atJ20ii(). pressure, with cold feed. 
A 35- ton iurnac^ ^fith 3000 Jb. of coal gasified per hour would thus 
give 840(ltlb.^of steam per hour. ^ 

Porter considers that among the majon improvements where 
the greatest economy is possible would be electrification of railways. 
Not only do locomotives burn coal very inefficiently when running, 
but standing with steam up, often at umiecessarily high pressure, 
entails waste. When the haulage and distribution expenses 
attached to coal are considered, and the freeing of trucks for other 
and remunerative merchandise, and further, the relief of the lines 
from coal haulage for this particular purpose, the advantages of 
electric drive from central stations are obvious. In the United 
states i? has been estimated that a saving of 122,500,000 tons of 
coal per annum — two-thirds of the present railway consumption — 
would be effected. On the Chicago, Milwaukee, and St. Paul 
Railway, R. Beeuwkes states*’ that for train locomotive power a 
saving of 53% ^ver loc(fmotive fuel used has been attained, 

The financial considerations involved in a general conversion 
of railways to electyc traction are great ancT under present con- 
ditions probably preclude any gjeat extensions, l^iit already sections 
of the older railways are electrically operated, and proposals for 
^ <*xteiision are under consideration. ^ * 

Centralised power development ffiust also be largely affected 
by finance ; the advantages are admittedly great from the fuel 
economy point, approximately 2 lb. of coal being consumed per 
kw.-hour at the switchboard, but the whole question has been so 
gibly and cxh*aSstively dealt, with in the Repoft of tha^^itrogen 
Producto* Committee*!^ that further reference is unnecessary, 

G. E. Stewart*® discusses the utilisation of waste heat in gas 
works. He estimates that of the 300 therms in a ton of coal 
carbonised, jfbout 22 % is not accounted for in the products, being 
either ^sed in the process or wasted. The greatest loss is in the 
flue gases iiqm the retort setting r«qjiperators, tUfe temperature 
of which may be 1000°-1250° F. Combustion may here be regarded 
as Complete, but with an initial temperature of 120ft° S., a waste- 
heat boiler working at 1001b. pressure and wfth 70% efficiency 
would geWate 1-56 lb. of steam •per lb. of»fuel. Even a better 
boiler efficiency m%ht, however, be attained with the most recent 
forms using ffc fan sil!;tioi?* • * 

Stewart gives examples of economies already effected. On 
inclined retort settings at Brentford nearly 970 lb.* of steam is 

See Porter, loc. cit, 

•** Cnuf. 482, 1920 ; J., 1920, 25k. 

*• Inst. Civil Eng. Conf. : see Engineering, 1921, H2, 77. 
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being raj^ed petr ton of coal cf-.rbonifced ; with Glover-West settings 
at Macclesfield, 700 Ib^ ; on Woodhall-Buckham settings at 
mingham, 6001b. Of 6oui^e the efficiency st;'!anji producliion 
(waste-heat boiler efficiency being the" same) is" inversely to the 
efficiency of regeneration. 

With water-gas plants on fuel charged to the therm value of 
100, Stewart estimates 10-3 therms lost in the sensible heat of the 
blast gases, 6*1 therms in the sensible heat of the water-gas. As 
the plants require steam the obvious advantages of utilising the 
waste heat in suitable boilers are evident. In producing blue water- 
gas all the issuing gases can be passed through boilers, but with 
carburetted water gas the tarry vapours in the “ make ” gas are 
unsuitable because of tar deposition. The use of waste-heat boilers 
with water-gas plants is becoming standard practice in the United 
States and this country. 

At the same conference E. R. Dolby®® dealt with exhaust steam 
and its employment for power and heating. In non-condensing 
engines 90% of the heat in the steam entering is discharged in the 
exhaust ; in condensing engines or turbines ’60% of the total*lieat 
of the fuel burned passes to waste with the cooling wat^ from 
condensers. In Ber% all the hot water for e-^me public baths is 
obtained from a piblic eibctric generating station three-quarters 
of a mile away, and public buildings on the route are also heated 
by water from the mains. Several instances were mentioned in 
the discussion of the saving of fuel by the utilisation of exhaust 
steam. One Metropolitan institution replaced hot- water boilers 
and reduced a coal consumption of 4000 tons to 3200 tons. * 

D. Wilson®^ in dealing with boiler-house manageuqort emphasised 
that ineffeciency was mainly due to kick of scientific supervision, ^ 
and that frequently common sense and a little engineering kn6w- 
ledge would effect improvement. In the discussion many instances* 
were given of astonishing improvement when trained*'** combustion 
engineers ** were employed. In one case eight Lancashire boilers 
whif h had been required for years were put under skilled manage- 
ment, and in 13tf/ee months was possible to shut down three and 
yet give the works more steam t£an it had ever had before. The 
view was ^^neVal that for all large steam plants the appointment 
of a specialist at a good salary would pay firms, but on§ speaker 
pertinently enquired where combhstion engineers could be- obtained. 
In eome Engineering Colleges and Universities special instruction 
in the principles of cothbustion is given, hut a'real difficulty is for 
the students to obtain actual boiler control experience. Perhaps 
i^methiqg could be done if College boiler plants (where installed) 
or heating plants could be put in the charge of the post-graduate 

■*® Seo J^ineering, 1921, 112 , 74. 

Ptoc, Jnst. Mech. Eng.t 1921, No. 6. 
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pupils, but means must Jie f«und to provide industry with the 
sqjentifically-trained and practically experienced njan wnen he is 
called for. ^ ^ 

A useful grapmcai method by which it is. possible to calculate 
the heai leases, excess air, and flame temperature from the data 
obtained from the analysis of flue gases,* has been published by 
G. B. Howarth,®® and F. Schulte®* has also devised a giaphical 
method using triangular co-ordinates, but the method is not as 
simple as Howarth’s. 


Miscellaneous. 

W. Schwier®^ dealt in a series of pa£>ers with the important 
question of fuels for metallurgical furnaces, pointing out that 
calorifto value alone is not a satisfactory’^ basis of value, because 
flame temperature is one of the most important factors and calorific 
value is no criterion of this. Schwier reommends a valuation 
figure which is the product of the net calorific value and the theoreti- 
cal fiame tcmpcratjjre, multip^ed by 10”®. Calculated flanfe 
temperatures%iay be open to criticism, but with the same data the 
results are doubtless fairly relative, and so Sahwier’s formula would 
hold. Other impcA’tant points, which he considers are the effect 
of moisture, which lowers flaine temperature \50ifsiderably, but is 
not usually accounted for in gaseous fuel analyses, and the influence 
of other gases accompanyii% a particular gas or gases in a gaseous 
fuel. Thus he considers that the utility of carbon monoxide is 
different in water-gas and in producer-gas. 

•An interesting paper on power gas from sewage was presented 
by J. B. Wata^n before Section G, British Association, in September 
• last.®®* The^gas is ^e result of fermentation and analyses •show a 
nfethane content or from 20 to 79%. A description was given of 
a ^mall sludge pumping plant at Birmingham, designed to give 25 
b.h.p. for £(jj^cwking period of six hours daily. The gas is generated 
in suitable closed tanks and, in the trials, contained 43% of methane. 
It \^s observed that after a certain stage of putrefactive ^ecay 
was reached the sludge gave^off*iio further Mtid odour. An 
ordinary typ^ of gas-engine was employed ; at 250 r.p.m. on town 
^s it developed 34 b.h.p. With the iludge^gas^ tHb engine ran 
satisfactorily with 60-70 explosions per minute developing 17-18 
b.h.p., from which it was conclffded that the heat supplied in theP 
fermentation gases was therms per hour. The author says that 
Birminghib deals wilii 400,000 tons of Vet sludge per annum,* 
London with not less than 2,000,000 tons. On the j^asis that there 

J.. 1920, 329t. 

Glik-kauf, 1920, 66, 532, 536 ; J., 1920, 812a. 

Stahl u. Eisen, 1920, 40 , 1033, 1108, 1170, 1236 ; J., 1920, 713a. 

®® See Engineering, f921, 112 , 456.; J., 1921, 748a. 
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are 9000 ton& qI solid ii\ t'he Birmingham sludge'; this would 
generate *320 million cu\). ft. gas, which at *20 cub. ft. per b.h.p.hojjr, 
would be equal to 16 millioK b.kp. hours, or 4^00 h-p. per da^ of 
fohrs. . , ‘ . 

Reference has Jieen made in a previous Report®®, to the 
II. J. Smith gas producers and their use for mechanically-propelled 
vehicle*. This has been extended to their use for small boats 
etc,, with very successful results. In tests made under Admiralty 
supervision in a 35-foot boat fitted with a 70 h.p. 6-cylinder Brooke 
petrol engine, the producer had a 1 1-inch diameter grate and the 
weight of the complete plant was 3-5 cwt. The fuel supply and the 
removal of ash were controlled by feed and cam shafts driven by 
the engine but at greatly reduced speeds, so that operation was 
automatic. The special feature of the plant which renders it 
suitable for use in boats' is the small amount of cleansing which 
the gas requires, owing to the continuous fuel feed and the working 
down of the raw fuel at once into the incandescent fuel bed by the 
rpeking grate bars. It was realised that the engine could not give 
the same power on i)roduccr-gas as on petrol, so cons^imption tsirials 
wore carried out. on petrol at various speeds, and then at approxi- 
mately the same spcc^ls on producer-gas. Sorqe results at practi- 
cally the same speei) are summarised, below : — 


f 

Fuol. 

Average 
revs, per 
min. 

■ 

Kautical 

milo.s 

nin. 

g Speed, 
knots. 

Fuel used 
per knot, 
lb. 

Cost per 
knot, 
pence. 

Petrol . . , ^ 

«• 

656*5 

14*7 

\ 

7*65 

3.^6' 

20*75 

t* 

Welsh anthracite 

6(>5'7 

38*4 

7*50 

3*80 

* cMO. 

Irish „ 

647-S 

25*1 

7*40 

4*78 

1*38 

Dumfries peat 

667*4 

23*7 

7*43 

1 - 

7*30' 

0*62 


The report sa^^ that theses trial^ demonstrated an extraordinary 
economy for the plant, and that it can be run con|iinuously and 
reliably at slfeady revolutions. * 

The two papers by N. E. Rambush®’ on thermal losses in the 
gas-producer process Jwid on a laboratory distillation test for fuel 
to b3‘used in gas-producers will repay detailed study. 

Work has been continued on the propagation of l&ame®* by 
W. ,R. Chapnjan,®® who has investigated .ethylene and propylene 

Ann. B^pis.y 1920, 5, 32. 
w J.'fim, 13bT,293T. 

®® See Ann. Repts., 1920, 5, 36. 

Ckem. Sm. Wrana.. 1921. 119. 1677: J.. 192'1 8.36a. 
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mixtures with, air. The^ lowtr coigbustible* limits •for ethylene 
34% (horizontal tube), 3-6% (ver^ical,tube, downwards), and 
3*3% (vertical itub^j upwards), whils1^the*upper limits are respec- 
tively 14-1, l3-?, tnd 25-6%. With propylene the lower and upper 
limits m ^ horizontal tube are 2-6 and 74%. The maximum 
speed of propagation in a 2*5-cm. dianrstcr tube was 142 cm*, 
per second for ethylene. The maximum speed was not attained 
with a mixture containing the theoretical percentage of ethylene 
(6-5%), but with richer mixtures containing 7-7*25%. J. D. Morgan 
and R. V. Wheeler®® have made further studies of the phenomena 
of the ignition of gaseous mixtures by induction coil sparks. 

0“ Chem. Soc. Trans., 1921, 119 , 239; J., 1921; 335a. 
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(rAS— DESTRUCTIVE DISTILLATION— 
TAR T^iODlKrrS. 

By Geoffrey Weyman, T).So., F.I.C., 

Chief Chemist, The Newcastle-upon-Tyne and Gateshead 
Gas Company. 

* * 

It is difficult to review the progress made in the year under 
review with any feelings of satisfaction. The financial position 
of the carbonising industries, maintained in such a flourishing 
Qondition in the previous year by the phenomenal prices obtained 
for coke and by-products, suffered almost complfi*te collapJe in 
the first few months ^pf the year. Large stocks of coke were still 
in hand owing to disturbed labour, conditions, rnd heavy deprecia- 
tion had to be facei?., Polifcy, often ^enough, became one of cutting 
down qypenditure regardless even of economy. A lengthy coal 
strike before the situation worn stabilised gave rise to a situation 
in which development became relegated to the background. Fortu- 
nately a relative improvement in prices for coke enabled the gas 
industry to recover much of the loss entailed in gas supply durffig 
the strffie. ^ The year thus presents a series of rapij^ly alternating 
condition^ *in whiclf the various metheds of gas prodi^ction* showed* 
very varying costs. 

, Town Gas. 

The Gas Regulation Act, as judged by its first year s'appearance, 
canijpt be said to have impressed the consumer. Coming into 
operation at aVkne when it,was necessary in most ca^es to impose 
heavy increases in the price of gas*, it has been subjected to criticism 
which might largely have been avoided if the increases had been 
made and explained separately. The experience of having to 
make a calculation only to find- that the account is higher than 
ever before can hardly be expected to convince the average man 
that the Act has been* to his advantage.® Yet advantages to the 
consumer must certainly follow the working of the Act, provided 
that continuous records of the pressure and calorific value of the 
gaS'^supplied arp made. Such will necessitate constant quality and 
pressure so that gas-consuming apparatus can be designed ^nd 
regulated to maintain the maximum efficiency. 
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A large numl)er of undertakings Jiave ali^ady^ been graniied 
orders under the Act, and*the remainder must come imdei^the Act 
witWn eighteen# mcfiths from the#en(i*of itlie year* Most of the 
“ declared ”* values have janged between 450 B.Th.U. and 50Cr 
B.Th.U.vpe^ cub. ft. The standard prices, which vary in each 
case, were fixed by the Board of T^-ade on the pre-war cost of manu-* 
facture plus increases shown to have occurred since, and fo/m the 
basis on which dividends are authorised. As the price charged per 
therm varies from the standard, so the maximum rate of dividend 
may increase or must be decreased. 

A reduction of the quality of gas supply below 450 B.Th.U. 
has been advocated, notably by G. Helps, who proposes 
300 B.Th.U. gas as giving the cheapest form of therm. 
While .this may be so, the limit is placed at the present 
time by the question of distribution. In many cases, even 
in pre-war times when the gas supplied ranged between 
550 and 600 B.Th.U. gross, many gas concerns were unable 
to increase the size of their mains sufficiently rapidly to keep pacg 
with* increasing consiftnption. Td^day it may bo taken that the 
greatest number of complaints received are due to an insufficient 
supply of gas.^ It jvill be realised that the increased supply neces- 
sary to make up for a reduction in quality tgcopies a peculiarly 
serious matter. T. Goulden ^ gives an example. Gas is pumped 
from Beokton through twe^ trunk jnains 4 ft. in diameter. The 
maximum initial pressure is 54 inches w.g. If the calorific value 
of 485 B.Th.U. were replaced by a calorific value of 350 B.Th.U., « 
3^% more gas would have to be pumped, with consequent increase 
of nearly three-fold m the pressure. Alternatively a third trunk 
.main w)uld*have to be laid# The extra cost is estimated at over 
Idf pci’ therm, whioll might be greater than the difference in the 
cost price per therm of the two gases. As a rule depreciation in 
calorific value is accompanied by an increasa in the specific gravity 
of the gas. * This requires compensation by an increase in pressure 
in difect proportion. High-pressure distribution may no doubt 
help matters in this respect, but 0 »v^n this ha%^8 limitatfons.* 
J. W. Wood considers that It reduction of 500 B.Th.U. to 
400 B.Th.U. ^ould necessitate an increase in pres^^ur^ in the pro- 
portion of 16 to 25, and even so there would b^ trouble with back- 
firing dile to excessive aeration wijbh the apparatus at present in use.*. 

In the deliver/ of gas* of uniform quality many difficulties are 
experience#. To ltvoi4 stoppage of gas supply m case of break- • 
down gas plant is constructed in many units, and is almost always 

» J. W. M’Lusky, Qaa J., 1921, 166. 658. 

* * J., 1921, 164, 536. 

» B. A Parkinson, Oas J„ 1921, 158, 156. 

QasJ., 1921,168, 96. 
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Bupplementfcd^by \^ater-gas ^lant #)r other special^ apparatus which 
is intended to meet quddjn variations in consupiption. For J-his 
^ reason large concerns *^are <!aced with the prfiblem of adequately 
mixing large volumes of gases of varying nature./ In very few cases, 
if at all, does the vjhole of the gas pass through one singlj^ distributing 
’centre, and even in sucjh a case no means have been taken for 
securijig such mixing of different streams from different manu- 
facturing plant- Where only one works is concerned, mixing 
may be accomplished largely in the holders, and an arrangement 
has been brought to aid in this.® It will be realised that gas con- 
cerns must often maintain a considerable margin over the declared 
value, which in effect becomes a minimum value and not an average. 

The Committee set up in accordance with the Act to inquire 
as to whether it was desirable or necessary to impose any limitation 
on the amount of carbon monoxide supplied in town gas reported 
in the negative.® In their report the Committee traverse the 
changes that have taken place since the Water Gas Committee of 
J898 reported on a similar matter and proposed a limit of 12 % 
which, however, was not enforced. Since ^that tmie the fittings 
in use have very mych improved in construction, and the present 
Committee were evjidently much impressed by the considerable 
hygienic advanjtagp whiclt would follow the more general use of 
gas to the elimination of the domestic coal fire, as exemplified by 
the state of the atmosphere during tjne coal strike. Statistics of 
carbon monoxide poisoning were not entirely straightforward, 
and while the Committee was able to draw the conclusion that the 
water-gas supplied in town gas has influenced the death rate frfcm 
coal gas poisoning,” the total death rate from ^is cause is so 
small ^3-1 per milllVm per annum, 191^1—1919, Engfapd and Wales^ 
that no serious effects ai’e to be anticipated. The risk to general 
health from small escapes is considered to be negligible. The fact 
that during the coal strike the amounts of water gas,* blue gas, and 
other gases containing very large amounts of carbon monoxide 
were distributed and used without any noticeable ill-effects, doubt- 
less nelped theV^bmmittee ii\ coming to their conclusiop. 

The Committee, dealing with tl5e subject of inerts, reported that 
it was not »ec§ssarv or qdvisable to prescribe limits to the incefm- 
bustibles in town gas at the present time owing to the fact that the 
gas industry is in a tffcnsitional period and should be left* entirely 
free ^to evolve fhe most economical method of manufacturing 
gas.^ It is suggested <)hat a fresh inquiiy slfould bd^ held after 

' ® C. C. Carpenter, E.P. 158,758 ; Gas J., 153, 812; J., 1921, 208a. 

* “ Report of Board of Trade Committee on Carbon Monoxide,” 1921 ; 
Gas J., 1^21, 155, *429 ; 1921, 332r. ^ 

’ “ Report of Board of Trade Committee on Cas Incombustibles,” 19!il ; 
Gas J.. 1921. lfik.:484 • J. 1991. 
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three years havQ elapsed. Reftrence^is made to th^ report of the 
Fi^^l Research Board in 19^9, in which a limit of 12%^ was pl’oposed. 
This* limit was ktertmodified by an agreement reached at a confer- 
ence of representatives of the consumers, producers, and the Board* 
of Tradfikto^a limit of 20% for two years, 18% for the next two 
years, and 15% thereafter. Subsequently," owing to fresh experi-“' 
mental work it was thought advisable to have the inquiry,, which 
has now delivered its verdict. From the evidopce it appeared 
clear that for low-temperature work and for gas engines the effect 
of incombustibles in general in gas is negligible. As regards high 
temperature work the Committee did not consider that the evidence 
was sufficiently conclusive to warrant interference, especially as 
very often the effect of additional inerts was counterbalanced by 
an altej^ation in the composition of the other gaseous constituents. 

Recording hisirum>e,nts. 

It is unfortunate that neither the Fuel Research Board nor the 
Gas Research Committee of the Institution of Gas Engineers ha& 
so fal* been abie to recommend a recording calorimeter for official 
purposes. The trouble s’eems to be that no tjg^e of instrument can 
be relied upon to work accurately and autonvatically without any 
attention for more than a few days.* WhetJien any recording 
instrument will ever do this seems doubtful. 

The Simmance-Abady totpl heat tecording calorimeter has been 
the object of study by both the Fuel Research Board® and the 
Research Sub-Committee of the Institution of Gas Engineers.® 
THbse investigations showed that the gravity governor automatically 
compensates , ii;i a satisfactory manner for changes in the specific 
gravity *of tt^e gas and for changes in atmos^eric prfe^suje and 
temperature when Ae specific gravity of the gas is within wide 
limits. A variation in the gas rate was found to be due to the 
choking of the b,umer. Dirty water gave a* great deal of trouble 
owing to deposition of slime. No trouble was experienced with air 
locks, •but changes in the viscosity of water with change of +yem- 
perature pro(luced a change in the ^ster rate of^aRout 0-7% per 
1°C. change in temperature of *the inlet water. In addition to 
sp^modic errors due to fouling of the J)umer and water pipes, 
variations of 10 units occurred which were traced to the effect 
of variations in the room tempera^^ure and irfl^t water temperature. 
Difficulty of varia'ble humidity of the atmospherp was overepme. 
Radiation Hisses aftd gains amounted to 1*5 B.Th.U. per cub. ft. 
for each 1° F. difference between the mean temperature of the 
calorimeter body and its surroundings. The lag of the chart is 

10-15 minutes. The record is finally considered reliable to about 
« 

Technical Paper No. 2. T. Gray and A. Blackie, J., 1921, 326a. 
m Report. Gas J., 1921, 164 , 677, 744 ; 165 , 35, 102 ; J.. 1921, 676a. 
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2% over ^ Jiourt. Improvements have since been made. The 
Beaslef instrument was also examinefi, and wiile it was found 
simple in codstructiofk antfc operation, free frpm* ^-roubles of •water 
^ supply, and not subject to change of ^ gas rate^ ’d^itH variation in 
quality, it was found liable to change with alteration^f^in atmo- 
• spheric temperature and sensittv^e to draughts. Daily attention 
is necessary, and an accuracy of +10 B.Th.U. uncorrected for 
temperature and pressure should be obtained. 

Recording calorimeters of other types are available and some 
are being examined. The Fairweather instrument^® is again of 
the water flow type, and is based upon the Boys calorin^ter, to 
which has been added a mechanism for giving a tabular number 
correction and a record. The former is obtained by the expansion 
or contraction of a certain volume of air sealed in oil and supporting 
a float. To the float i§ attached a tube which regulates the head 
of water supplied to the calorimeter. As the atmospheric condi- 
tions affect the enclosed air, so the float rises or falls producing a 
^corresponding rise or fall in the head of water supplying the calori- 
meter. The gas is measured iit a Parkinsofl escap^meter arranged 
so that the evaporation of water from the meter is largely avoided. 

An electrically qperated instrument, the Jhomas calorimeter, 
has been worlyng^ for some time at the Gas Light and Coke Co.’s 
Horseferry Road Station,” where it is said to have recorded within 
1% from the daily average tQsts on gjts from the aame trunk main. 
Water flow is substituted by air flow in this instrument, and the 
temperatures are measured by electrical resistance thermometers. 
A small motor is necessary, and the instrument is somewhat eiab- 
orate, but the trecorder may be placed some distance away and so 
can b^ inatalled alfany convenient pl^e. ^ • , 

Naturally the use of recording calorimeters for work^ control 
has been widely extended, and in many cases one is placed on, each 
gas stream. This involves the installation of jin ‘instrument for 
checking unless such has been already incorporated in the recorder, 
whgn the expense is practically doubled. Calculation frt)m gas 
analysis is nd^j^-satisfactoiy,* particularly when the, proportion of 
blue gas etc. admixed is not known. Still-water calorimeters to 
which smaJl samples cap be brought can be used, but there seems 
to be a considerable opening for a convenient and accurate 
instrument for this ‘purpose. 'The desirability of checking the 
quality of the gas at the suction side oC the e^dnauster has led to 
the introduction of ntiniature exhausterp which pull^a stream of 
^as through a purifying train to recording instruments. Owing, 
however,, to *fche lag of the instruments as well as of the small gas 
stream, the response is not immediate. Hence there is still a 

W E.P. 16?326 ; Oaa J., 1921, 164 , 656, 628. 
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tendency to 'employ jet photometers dn^the gas at the^oiijtlet of the 
works’ exhausters. A Aore accurate instrument fdt this 
purpose is foun(}ed ^on the Bracjy •Mioator.^® This instru- 
ment depends* on^ tjie decre^,se in luminosity of a flame from a 
mixture coal gas and air when the gas-air ratio is diminished. 
The point af which the luminouJj tip disappears provides an 
index of the heating value. This idea has been utilise^ in 
devising an instrument wdiich is not intermittent and is 
largely automatic. In the “ caloriscope ” advantage is taken of 
the fact that the amount of air induced at a Bunsen burner is 
dependent upon the kinetic energy of the gas issuing from the 
jot, and this in its turn is dependent on the square root of the 
density of the gas, providing the pressure on the jet remains constant. 
As the rate of efflux of the gas varies inversely as the square root 
of the density, any alteration of the density is automatically cor- 
rected by a change in its inducing power. The apparatus consists 
of a Bunsen burner, provided with a good governor on the gas 
supply and a sensitive needle valve on the air inlet. The operation 
of the*throttle is comm'Unicated to ^ pointer moving over a scale. * 
By adjusting the valve to the neutral point of flame luminosity, 
the degree of throttling can be read off and.;^ovide8 an index of 
the calorific value. Tt is not recommended for other gases than 
straight coal gas,^^ but this difficulty may be overcome.^ ^ 

A long-distance pressure register which is employed for immedi- 
ately informing those in charge of “ booster ’* plant of the pressure 
conditions in outlying districts is described by H. C. Widlake.^® 
Thq gauge consists of a mercuiy cup carried on a float in a water 
cistern. Above the cup is fixed a circular frame conl^aining pendant 
whes of varying length and ^.resistance. As the pressiye of the 
f?as ^cti^,'on thV3 watej^ seal the float rises, and successive contact is 
established with the wires. The instrument is placed in electric 
circifit with tl^p works on telephone wires. 


Co7i't,bustiun. 


The ^combination of oxygen with hydrogen and .hydrocarbons 
is of peculiar -Interest in the consifleratiun of carboiflsing problems, 
particularly reg«irding partial and selective oxidation. H. B. Dixon 
originally showed^® that water vapour was neceesar/ fd^ the com- 
bustion of carbon monoxide, and that this could be supplied by 
the combustion o^ any corapouricls containog hydrogen in the 

U.S.P. <rl, 370,9a' ; E.^, 149,291 ; J„ 1921, 291a. See also J., 1919, 

938a. 


12 E. V. Evans, Gas J., 1920, 152, 511 ; J., 1921, 3a. See also Gas J„ 
1921, 163, 16.5. 

‘i« W. M. Berry, Gas J„ 1921, 164, 33. 
ci'^ GasJ., 1921,164, 376. 
i« J. Chem. Soc., 1886, T. 49, 94. 
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mixtup. showed that the reaction CO + HgO = CO 2 + Hg 
was reversible, and that if the carbon dioxide was remove(i>, all 
the carbon monoxide’ codAl be oxidised by^^stc&m. Others have 
since regarded the formic acid which »appears -in this reaction and 
the hydrogen peroxide which is present in the cpmliustion of 
hydrogen as intermediate procfucts,” hence a series of reactions 
can be built up as follows : — 

CO -f H 2 O HCOOH. HOOOF - COg + Hg. 

Hg + Og HgO.,. HgO, H.O + O. 

The combustion of methane can be similarly interpreted, the 
carbon oxidising to carbon monoxide and simultaneously the 
hydrogen oxidising to steam .1“ The decomposition of formic acid 
at 1150° C. is shown to give carbon dioxide and hydrogen, carbon 
monoxide being produced as a secondary product due to reduction 
of carbon dioxide by hydrogen.^® It is also not^ without interest 
to find that benzaldehyde— an oxidation product of the higher ring 
compounds — gives, on pyrogenic decomposition, benzene and 
carbon monoxide with traces of anthrace'je.^® 

» Heating, Lighting. 

A most interesting lopture by R. V. Wfieeler^^ illustrates the 
application o£ the study of coinliustion at Sheffield University. 
The maximum speed of propagation of flame of a given mixture of 
combustible gas and air is a measure of the tendency to back-fire. 
As the degree of primary aeration is increased so must the velocity 
of the gas-air mixture be increased by increasing the presgure. 
The “adjustability” of a gas depends on the range of gas- air 
mixtures lying b(;‘tween the mixture for complete combustion and 
that' containing the largest proportion of gas which will propagate 
a flame at all. Assuming that the maximum speed of a current 
of gas-air mixture obtainable at the mouth of a burner is 50 cm. 
per sec., nearly the maximum degree of aeration coui d be obtained 
from methane and carbon monoxide without striking back, J)ut with 
hydrogen ha^jdjy any at all. , Methane would allow of a high primary 
aeration but ’still give ^ small range of adjustability. Carbon 
monoxide can give high primary range of aeration and^ the 
range of adjust? bility is large. Hydrogen would tend to strike 
back vea:y badly. In mixtures the addition of methane to hydrogen 
reduces the speed of inflammability and a further addition of carbon 
monoxide increases it. Hence for burner ’sj^ork eq^ial quantities 

” H, Wartenburg and B. Sieg., Ber., 1020, 53, 2192; J., 1921, IIH. 

Cf. Bdiio and Wlieeler, J. Chem. Soc., 1902, 81, 535. 

. J. A. Muller and E. Poytral, Bull. Boc. Chim., 1921 (4), 29, 34 ; J., 
1921, 162a. 

R. Peytrah J9m//. Boc. Chim., 1921 (4), 29, 44 ; J., 1921, 141a. 

« Qm J.. 1*921. 188. 015 : J.. 1921. 206a. ‘ 
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of these three ga^os would he ropst suitable. ]\!Lixtiy’e» of water- 
gas, ^coal-gas, and coke-oveii gas should not give any difticClty in 
their utilisation. * If finy limit at ah is\)lactd on the composition 
of indus^ifil g&s if sjiould be pn the hydrogen. While the presence 
of incomftcstibles does not influence the calorific value of the gas-air 
mixture very much, the adjustability is very much reduced, and high 
inerts will mean that very slight variations in ^^'esawre would ^ause 
large fluctuation in the ohar<act6jr of the flame and tjie distribution 
of h(‘at throughout it ; liencc'. the heating of furnaces would tend 
to become ineflichmt. 

The distribution of cneT-gy of combustion of a mixture of coal 
gas and air is dealt with by W. T. David/-*’ w^ho finds that at the 
moment of maximum temperature the distribution is : (1) internal 
thermal energy, 72-80% ; (2) available chemical energy in unburnt 
coal gas, 10% ; (3) heat loss to walls of reaction vivssel, 10-18%, of 
total heat of combustion of th(‘ coal gas. C. M. Walter finds that 
for industrial furnace wmrk of tlui type using atmospheric burners 
the results are alTt'cted by alteration in calorific value, a drop of 
50 B.’Bii.D. havjiig a irbarkcd elfectn**-'* 

A very useful paj)cr by W. Newdon Booth on the possibilities of 
gaseous heating show the efficiencies that maf be obtained with 
many types of furnaces, and the effect of the comiK)sition of the gas 
with regard to pre-heating on the temperature at{ainable. The 
I’ate of heat transfer is judge^ to be mainly one taking plaOe by 
contact of the gaseous molecmlcs with the surfaces to be heated. 
This is proportional to the difference in temperature between the 
gas ^nd solid and to the turbulence of flow ” of the gas, ^.e., the 
back-pressure of the furnace. It has been calculated .that if oxygen 
were av^L^able* tb support conjbustion in the inon-ndescenb burner 
tfie q^n(^e po\^cr wofld be as high as 250 candles from a Bijou 
mantle.2^ 

A. Kling and,.D. Florentin find^® that carbon^monoxide is formed 
to a greater (Extent in inverted incandescent burners (0*29-1*23% 
of the gg.s consumed) than in upright burners (0*04-0*50%). The 
amount of carbon monoxide formed lair^ely dependg^pn the flafiie 
volume and th5 extent to which thk is limited by the mantle. Gas 
burners should be constructed so as to avoid contact^bejween the 
flame and colder bodies of large heat capadity. ^ 

Important work by E. Terres ai^d H. Strap be*** emphasises the 
importance of primary aeration as afflicting flalne volume and the 
lighting effici§nc3^ With upright burners the^ efficiency is reduced 
by admixture of other gases with straight coal gas. Carbon dioxide 
Proa. Itoy. Soc., J’02O, A', 98, 303 ; J„ 1921, 111a. ' 

*** (/(w J., 1921, 153, 464. 

= Gas J.^ 1921, 153, 223 ; 155, 602. 

A. Kling and D. Florentin, Chim. et hid., 1921, 6, 305 ; J., 1921, 763a. 
““ Oas u. Wasserfach, 1921, 64, 309, 329, 348, 440 ; J., 1921, 461a, 502a. 
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is esp^BciaSly detrimental. Increased^ pressure ‘ forces the flame 
upwards and tendsa to,. fill the burner better giving increased 
brilliancy. Water-gas By shortening the ^’flai^e causes a con- 
traction away from the mantle. With the diverted b^Yner the 
efficiency depends so largely on primary aeration that' alteration 
in gas quality is of secondary importance. Dilution with water-gas 
with# the same primary aeration increases the candle power. The 
lighting efiickney depends on combustion at the surface of the 
mantle — the extent to which it is completed there. The degree of 
secondary aeration also influences the efficiency. The secondary 
air diffuses inwards to a depth of 10 mm. inside the mantle. Com- 
bustion is complete 1 mm. outside the mantle. When primaiy 
aeration is complete secondary air dilutes and reduces the efficiency, 
hence there is a limit to primary aeration. 

The report of the U.S. Bureau of Standards on the principles 
governing air injection is particularly interesting. The conclusions 
reached are summarised as follows, {a) Where the gas rate is 
increased by change of pressure the momenta of the gas streams 
are proportional to the pressure. (6) Where the orifice is adjusted 
to give the same gas rate under the same orifice pressure with“ gases 
of different specifi,c gravity the momenta of the gas streams are 
proportional to the square roots of their gravities, (c) The ratio 
between the momentum of the gas stream of the mixture is always 
the same for any one burner irrespea ^ive of orifice pressure, specific 
gravity of gas, or the volume of the mixture going through the 
burner, (d) When the pressure is changed to give the same gas 
rate for gases of different specific gravity the air entrainmdnt is 
proportional to the gravity, {e) The pressure at^apy one point m 
the buh.er increases in direct proportion to the .increase in the 
momentum of the stream of the mixture. ' 

At the meeting of the International Commission on Photojnotry 
held in Paris certain definitions were agreed iipcfn^ in respect to 
photometrical terms.*® In regard to the lighting of' factories rules 
were agreed upon pending further work being carried ofit. The 
minimum fdb^-candles recommended on the space ..or at the work 
to be illuminated varied from % for intricate wojk to 3 for office 
work, 2 ^foK ordinary machining, and 1 for rough work, power 
plants, alleyways, and so on. 

Public lighting, a subject wKch appears to. have been neglected, , 
receives attention Irom J. S. G. Thoiuas.*® 

Coal TestinS. 

carbonising industries have always felt a considerable diffi- 
culty in valuing the coals used. Realisation of the variations of 
^ W.^M. Berry and colleagues, Gas J., 1921, 158i 750. 

Gas J„ 1921, 166, 229. 

» Gas J„ 19^b 166, 653. 
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different consignments of c^al aiM the#trouble tliat ifudh le|d8 to, 
together with the increase in the numhei; of methods <)f treatment, 
has accentuatejji t^e difficulty. Many ha^e pliced reliance on testing 
plants f#^ the size* dealing with 1/1000 part of a ton to those of 
manufacrarii^ size. But the resujts are rather attest of the capa- 
bility of the person in charge of the plant than of the material 
dealt with. As a rule what is gained in accuracy by increasinqg the 
size of the plant is lost in time and cost, ihrobebly the most 
satisfactory system is to test the individual characteristics of the 
coal by separate methods and finally summarise the results 
obtained. The results of tube distillation are often of considerable 
value in4ielping to form an opinion of the merits of coals. A 
method described by the Fuel Research Board'’® is likely to provide 
as useful information as any. The ingepjous arrangement used 
for providing a steady pressure condition in the retort tube through- 
out the distillation and of collecting the gas evolved should be of 
service in many ways. A series of determinations on the same coal 
gave very concordant results and the method allows of the weights • 
of coki, oils, licpor, ancl gas being Obtained. 

N. E. Rambush®^ gifes an account of a me^iod of fuel testing 
amounting to an estimation of tj^e distillation products. In this 
case 2 kg. of coal is deajt with at a time, ^nd a special arrangement 
for collecting tar and other products is described. A weigljt and 
thermal balance is finally drawn up. • 

In a method described by M. Bolch ^ the precaution is taken of 
sweeping air from the retort tube with dry nitrogen, but it is not 
advisable to dry the tar in a current of air as suggested. 

• 

• ' Carjonisation. f 

The mechanism of^arbonisation continues to receive attention. 

S. R. Illingworth, developing his theory of coking,®® concludes 
that*it is possible to produce any type of coking, steam, or anthra- 
citic fuel by Suitably treating a bituminous coal.®^ If the coking 
properties depend on the relative rates of decomposition and order 
of stability of the cellulosic and resinic constituents it should^be 
possible to eftect a preliminary •decomposition of the cellulosic 
matter which interferes with the formation of the cok^ JV. Parr 
and T. E. Layng prefer to take the oxygen bonteflt as the criterion 
of the behaviour of coal. Coals which have % high oxygen content 
do not usually make good cpkes owing to the pfienol-soluble portion 
(the “ binder ^’) ofl^bhe coal coming into Qpntact* with the oxy- 
genated constituents and being adversely affected. If, however. 

Technical Paper No. it T. Gray and J. C. King, J.y 192*1, 205a. 

J., 1921, 293t. 

MitUlnst. Kohlenvergasung, 1921, 3, 1 ; J.y 1921, 137a. 

Ann. Beptd.y 1920, 5, 61, 

. B.P. 164,104 ^ J.y 19*21, 2a, 601a. 
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the coal with a higii oxygen j3ontert is given a preliminary heating 
the oxj^genated compounds may be destroyed and the resulting 
coke is improved.*^ ^ “ ( 

J. Roberts regards the more bituminous coa]s ^ls 8ontaining an 
excess of “ binder ” which leads to expansion and |)orf‘iis coke. 

•If this “binder’^ is diluted with non-coking material — breeze — 
a den^e coke may be produced. Incidentally the breeze adds to 
the coal the property of quicker heat penetration. This method 
of treatment has particular reference to low- temperature work.*® 
Baille-Barrelle considers that 8aarc coals should be kept for 
some time at a temperature below 321^° C. previous to coking at 
750° C. in order to obtain good coke.*’ 

Selective oxidation becomes particularly interesting if catalysis 
occurs during carbonisation as suggested by R. Lessing,*® and this 
question will need exalnination in connexion with tlie proposal 
to use oxygen directly in internally-fired retorts.*® While it has 
been generally understood that the admittance of aii‘ to fuel under- 
going distillation is deleterious, it is interesting to find that the 
results of an actual experimerrt has been ]K3Cordecl by A. Thau,^“ 
in which oxygen was admitted to the top of a charge in a coke-oven. 
Except that the naphthalene increased at the expense of the benzene 
no bad effects were observed on* the products by increasing the 
temperature of the arch until oxygen was admitted, when a rapid 
loss of ammonia was observed v ith increase in naphthalene and a 
thickening of the tar. Tar vapours^ readily absorb considerable 
amounts of oxygen. Hydrogen is eliminated as water and there 
is a considerable increase of the pitch content. , 

In connexion with the proposals made by J. W. Cobb,^*E. W. 
Jefferies-'gives a most interesting account of the pofesibilities raised 
if oxygen was available in large quantities and at'^a chep-p rate. 
Taking the gasification of coal in a producer as an example, the 
steam-oxygen process would yield from a good gas goal of calcSrific 
value 14,240 B.Th.U. per lb., per 100 lb. of coal*: gar 3 100 cub. ft. 
at 0° C. of calorific value 400 B.Th.U., with about 5 7 lb. of conden- 
saBie tar of 4pubtful value There would be required 30 lb. of 
dry steam and 640 cub. ft. of- oxygen. The therftial efficiency 
would be 91-7% or 85-4% if the condensable tar i^rejected. The 
composition of the gas^is calculated to be as follows: — CO 2 3 0; 
C2H4l‘4; CH 4 7-6;H2 28 0; CO 58 0; N, 2 0%. Estimates based 

J. Ind. Ena. Cliem., 1921, 13, 14. 

N.E. ImUMin. Erg. ; J., 1921, 571a. 

*’ Conipks rend., 1921, 172, 1580 ; J., 1921, 500a. 

lust. M:a. Eng., 1921 ; see also Gas J., 1914, 127, 570. 

N. H. Humphreys, Gas J., 1921, 156, 39 ; see also J., 1921, 307r. 

Brennstoff-Chem., 1920, 1, 52, 66 ; J., 1921, 137a. 

L. Wallis. Private communication. 

Ann. Jfepte., 1920, 5, 48. 
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on present-day, costs in ^meiica aje given.* Th# Ileat used in 
manufacturing the oxygen is reckoned not tg exceed g5,000 B.Th.U. 
per 1000 cub. ft. oftoxygen or 4-7% ofl the? heat of the gas made.'** 

The^ork of J*. {jinkinsoru,'*^ has been carried further by F. Fischer 
and G\Pfl^iderer*® who find that coal, peat,, lignite, and wood 
all develop electrical conductivity at about the same temperature, 
i.e., 700°-750° C. Up to 600° C. the residue from the carbonisation 
of these materials was always in the same condition as regards 
electrical conductivity. High- and low-temperature cokes can be 
distinguished by this means. 

Direct determinations of the heat of carbonisation of coal have 
been made and found to vary with the* oxygen content of the 
coal. The heat supplied in the form of electrical energy was 
calculated from the current and voltage at the terminals of a 
quartz tube furnace which was placed in a bomb calorimeter filled 
with nitrogen. One gram of coal was used and a temperature 
of 700° C. maintained during the experiment. 

A large amount of work has been done in attempting to obtain ^ 
quicller transf|rence df heat to thfe charge in a retort than by the 
usual methods of heating flues. Some of the proposed methods 
will be referred to Iq-ter. There is evidently scope in this direction, 
as the Fuel Research Board rfp*orts that no legs tjian 60% of the 
heat required to carbonise one ton of coal is used to maintain the 
temperature of their vertica^retort fi(pttings, i.e., is lost by radiation 
and in the flue gases.*’ 

G. Weyman, using apparatus and method previously described, 
shows that heat is much more readily transferred by the gas evolved 
in distillation than by conduction through the changes or by radia- 
,tion. This mAhod of heat transference is hindft’ed or bi’eueht to a 
stafidsiill by the foAiation of the plastic layer during the canonisa- 
tion of bituminous coals. Any factor, such as size of particles of 
the* coal, pres^snee of foreign matter, which iafluences the formation 
or continuitjy of the plastic layer, becomes of great importance 
to thd rate at which coal may be carbonised. Coking coals which 
give thick, plastic layers are very dilBcult to deal^th ; gas ?oals 
with more volatile matter can used more rapidly ; while non- 
coking and arfbhracitic coals which do not give pl^sti^ layers can 
be carbonised with the greatest rapidityT** • 

The falling off in the gas rat% shown hyb Weyman corresponds 
with the temperature of piaxiraum plasticitj^ of G. E. Foxwell,*’ 

« Oaa A, 1921, ftS, 806 ; 164, 374. 

Ann. Repta., 1920, 6, 39. 

** Chem. Zentr., 1921, II., 521 ; J., 1921, 335a. 

Brennatoff-Chem., 1921, 2, 97 ; J., 1921, 289a. 

“ B|^port on Steaming in Vertical Retorts,” 1921 ; *J., 1921, 333r. 

’ J., 1921, 300t. 

“ J., 1921, 193t. 
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who, in tracing- the path of travel of gases in coke-ovens, has investi- 
gated tke resistance to the passage of gas during carbonisation. 
The resistance reached a 'n.aximum at a terrperature of 400° C. 
in the case of a Durham coal, at which point the co'Sil was in ^ state 
of maximum plasticity- Non-coking coals show no apj^reciable 
Vesistance durii^ coking and poor coking coals very little. The 
gas travels up the interior cool zone up to the time of the setting-up 
of the plastic layer and then for the most part travels through the 
coke. With wet coal very little, if any, of the steam evolved passes 
through the hot zone and can therefore play only an indirect part 
in conserving ammonia. Only about 1 /20th of the gas is generated 
in the low- temperature zone and contains half the total free nitrogen, 
but only 7-8% of the total ammonia. Of the ammonia liberated 
in the cool zone 70% was found to be fixed. 

The effect of atmosphere on the liberation of ammonia has been 
further studied by A. C. Monkhouse and J. W. Cobb.®® Nitrogen 
was used as an inert gas, and the amounts of ammonia liberated 
when hydrogen and steam were passed successively over coke 
formed at different tcmperaturor< were compared with tho.-e fo^'med 
when the heating was made in the inc^rt gas. With coke formed 
at a temperature of 1)00° C. 9-2% of the nitrogen of the original 
coal was obtained as ammemia on heating in a current of nitrogen 
and 26*8% with hydrogen. With coke prepared at 800° C. and 
1100° Cr the ammonia recover^^d was negligible in .an atmosphere 
of nitrogen and very little in hydrogen. When nitrogen, hydrogen, 
and steam were passed successively over the same coke (prci)ared 
at 500° C.) the nitrogen recovered as ammonia expressed as percen- 
tages on the original coal was : — ^Nitrogen stage, 7*9 ; hydrogen 
stage, 24-S ; steam® stage, 29-9; totab 02*1%. The residue was 
found to contain only ash. When steam was used directlj after 
the coke had been heated in nitrogen the whole of the nitrogen 
of the coke was obtained as ammonia much more* readily. It 
appears that in the presence of steam or hydrogen, di’ both, the 
dissociation of the ammonia liberated is very small, but in the 
presence of niti?b^en only dissociation may be great if the concen- 
tration is high, although the temperature is comparatively low. 
Sulphur libfmted as hydrogen sulphide was found To follow the 
same course as nitrogen liberated as ammonia, increasing in quantity 
by treatment with hydrogen and again by addition of steam. 
This last phenomena has also been noticed by A. R. Powell,®^ 
who proposes to reduce the sulphur conWt of coke ’ y passing 
hydrogen over it. At 900° C., hydrogen in presence of coke con- 
taining 1*2% i)f sulphur established an equilibrium at a content 

1921, 160, 234 {rj., 1921, 760a. See also A. J. Franks, J., 

1921, niA. 

^ “ J. Ind. Eng, 0€m., 1921, 18, 33 ; J., 1921, 110a. 
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• *1 F 

of 0*25 lb. of sulphur per^ million caj). ft. Powell •firtds Jhat the 
prijicipal reaction^ which occur in the ca^boiysing of <>oal containing 
sulplTur are : (a) Oomplete decompoJItioif of pyritc to magnetic^ 
sulphicb andliy5rqgen sulphide occurring at 300°-600° C. ; (b) The 
reducti^ sulphates to sulphides — complete at 600° C.^ 
(c) Decomposition of one-fourtt to one-third of the organic 
sulphur to form hydrogen sulphide. This occurs mostly •below 
500^0. (n) Formation of volatile organic sulphur compounds 
(e) Disappearance of a portion of the magnetic sulphide — the 
sulphur apparently combining with carbon. This reaction occurs 
mostly above 500° C. In addition the organic sulphur changes 
in character between 400° and 500° C. No carbon bisulphide 
can be found in the primary distillation products but it is 
formed J 3 y the action of hydrogen sulphide on the coking mass. 
While coke ceases to give off hydrogen sulphide at 600° C. a 
further evolution commences at a higher temperature in presence 
of hydrogen.'’^ 

• New ^Methods of ^ Carbonisation. 

Among new methods of carbonisation are •several which take 
advantage of heat transference by gas.. In one'^^ waste or other 
gas is drawn through the charge. H. Nielson * introduces an 
intenially-heatcd rotary retort to be used with producer of water 
gas.^^ It is reckoned that alfout 23 f^.Th.U. is available from each 
cub. ft. of the earner gas for carbonising the coal, or about 34,000 
cub. ft. would be required per ton. The total expenditure of heat 
would be about 6-7%. The process may cither be used for low^- 
temperature •w^rk or carried to complete gasificatieja. Town 
gas ^tO^D-ThitJ. pe^cub. ft.) or power gas for electrical gendtating 
purposes may be the products. In other cases the coal is to be car- 
honiised in a powdered state. Thus coal dust is carried upwards 
into an expajiding chamber by a current of gas from a previous 
carbon j^ation. In this way the larger particles are given a longer 
time to carbonise. The coke dust m§,y be subsequorutly remeftred 
in a cyclone extractor and then l)umt*in a curren*? of gas under 
a furnace. K.#M. Bailey proposes*^® to suspend coal dust in i 
current of superheated steam and bring Hhis into contSet witl 
hot surfaQes at 1400°-1500° C. where complete gasification occurs 

• * 

See also H. F.*Yancey ftnd T. Fraser, J. Jnd. Eng^ Chem., 1921, 13 
-tO; J., I92!f 110a. •R. V. Wheeler, Gas Wdrld, 1921, Coking Sect. 
June 4, p. 13. 

W. E. Davies, E.P. 16S,826 ; J., 1921, 574a. 

Qaa J., 1921, 166, 368. 

Und^ffeed Stoker Co. and S. McEwen, E.P. 164,253, !54,458, 169,389 
1^21, 37a, 805a. 

. Chem.-Zeit., 1921, 46: 789 ; J., 1921, 649a. 

• • Df 
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A gas-producer may be use^ to provide hot ga^ for carbonising 
fuel in anothe^ chamber.®^ ^ 

^ In a plant consisting^ of^jc water-gas genera-tor below a veitical 
retort the heat is provided by the partial coni^itetidn of the gas 
on its way to the carbonising chamber to carbonise the caal, while 
^he heat of the generator is maintained by a further partial com- 
bustion of the gas.®® Many other patents have been taken out 
for complete or partial gasification by plant consisting of combina- 
tions of vertical retorts with gas-producers, water-gas generators,®* 
etc. The blow gases may be used for raising steam, which is then 
supplied to the generator.®* In another case the air is passed down- 
wards through the generator in the reverse direction to the steam. 

G. W. Wallace has a vertical retort with the gas offtake consisting 
of a perforated pipe inserted from the base upwards to draw off 
the products downwards from the centre of the charge.*^ 

F. H. Robinson’s plant, in which the coke from horizontal 
retorts is pushed back into a water-gas generator, is further 
described.** On a test run 55,000 cub. ft. per ton of 344 B.Th.U. 
gas, 54,285 cub. ft. of 366 B.lh.U., and "/OJIS />,ub. ft. 321 
B.Th.U. gas tvere olj|.ained in different hourly periods. The, coal 
contained 13-5% of ash. The tar contained no separable naph- 
thalene, but a somewhat high pitch content of 68*8%. 

H. R^ile*® finds that a Tully plant working on coke gave 50,500 

cub. ft. of 297 B.Th.U. gas: With colliery belt pickings (ash 
23-43%) the gas contained more carbon dioxide and the output 
of gas was reduced by nearly one-half, but 18,000-23,000 cub. ft. 
per ton was obtained of 305-315 B.Th.U. gas and 5 galls, of tar. 
There would seem to be a distinct future for such^ plant on low- 
class fuel, ‘particularly if ammonia cwuld be recovered.*® • c 

Further results on this plant are described by C. H. Chestei’.*® 
It is interesting to note that trouble has been experienced in cthe 
fuel “ sizing ” itself on entrance to the retort, the large {ailing to the 
sides and the small going to the centre.®’ 

W. P. r<l^ry, E.P. 167,822 ; J., 1921, 68Ca. /See also McLaurin, 
Nielson, loc. cit. v 

»* A. Birkholz, E.P. 148,820 ; Gas J., 1921, X66, 447. » 

CjrR^^nk J. Pempster, E.P. 167,036 ; J., 1921, 139a. 

«» G. Helps, E.P. 156,812 and 165,456 ; J., 1921, 139a. 

®i Woodall, Duckliapi; & Jones, Lid., E.P. 164,935, 164,949, and 165,616 ; 
J., 1921, 572a. 

•2 E.P. 129,997 ; J., 1921, 6a. 

«» E.P, 168,635; J., 1921, 727a ; Gas World, 1921, 74, 368; J.. 1921, 
423a. 

Gas J., 1921, 164, 93. 

«» E.P. 168,482 ; J., 1921, 727a. 

«®' Gas J., 1921, 164, 323 ; J., 1921, 458a. 

^ df. Q, Weyiban, loc. cit., and E. Gillett, Gas J., 1921, 166, 563. 
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• Low-Ternperal^re Cf^rbmisation. 

^Jie production of smokeless fuel^in America 4s a somewhat 
different question to that in this country, as in the former case 
the fi^^ is rcquirld to re|ilace anthracite in stoves, while in this 
country th^ object is to replac# raw coal by*a free-burning fue^ 
in open grates. It is doubtful whether closed stoves will ever 
be popular in this country. The Smith process,®® the object of 
which is to produce a comparatively hard fuel, cotisists in crushing 
and carbonising the coal in an inverted heart-shaped retort con- 
tinuously stirred, in which it is advanced lengthwise through. 
At a temperature of 480°-500°C. the volatile matter is reduced 
to about 10% in two to three hours, and the semi-coal is then 
mixed with pitch and briquetted. The briquettes are carbonised 
in an inclined retort at about 1000°-! IQO'^ C. for six hours, when 
they contain about 3*8% of volatile matter and have a calorific 
value of about 12,870 B.Th.U. The yields of products are said 


to be as follows®® : — 




« • 

• 

Ihiinar^. 

Secondary. 

Final. 

Briquettes 

— 

— 

70% dry 

'I ar (30% tar acids), galls. 

22*4 

• 5.6 .. 

28 

Sulphate, lb. 

. . 

20 

c • 

22-24 

Ca«, cub. ft. 

. . 5,600 

4,480 

10,080 


The MacLaurin process’®* has also been the subject of further 
trial and has given good results with low-grade fuels as a producer 
for power gas. 

The Low Temperature Carbonisation, Ltd., are reconstructing their 
^plant at Batrftley and introducing an impro’ied form^gf retort.’® 
*Thg bituminous sj^ck used, of which 70% is non-cokmg, •is held 
in an overhead hopper by a coal valve over the charge. The charge 
is Ifeld in position by two collapsible perforated steel plates which 
can be keyed outwards to form a narrow passage 4 in. wide between 
the rgtort walls and the plates on each side. These plates are 
said to have withstood the heat conditions wellrfor over three 
weeks. The* gas generated passes through the perforations in 
the plates into the gas space between them. By allowing the 
plates to swing inwards the charge is loosefied amd drop^eTl through 
a rotary* door into a cooling chamber, whpre it cools in absenct 
of air. The 10-cwt. chames are carbonised nn 7 to 8 hours, and 
the yields jjpr ton v*e saioto be : Coalite 14 cwt.,*ga8 6000 cub. ft 

®® Ann. Eepta., 1919, 4,^46. 

H. A. Curtis, J. Ind. Eng. Chem.f 1921, 18, 23, and Ll. H. Thurston, 
1921, 61t. 

, J., k917, 620. 

Iron and Coal Trades Review, 1921, June 24, p. 848, and Nov. 1 1 , p. 688. 

T. M. David|on, Qai J., 1921, 163,^37 ; 156, 308 ; J., 1921, 636a. 
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of 700 ]^.ThfU«, ana oil 15 t(^ 22 gallons^ The amount of surplus 

gas is uncerta^. An, efficiency of over 82% is. claimed and ^he 
xoalite is said to contaift 8-10% of volatile maCtertand only 5% of 
ibreeze. 

N. Young’® fav/)urs a rotating tubular retort witip loose iron 
Tballs inside to keep the mass consolidated. Heating is effected 
internally by the passage of hot gas, or externally, or in both ways. 
A further modifkation provides for the heating of the coal in the 
internal drum by the combustion of solid or other fuel in an external 
shell. F. Fischer’^ has a similar rotating cylinder arranged hori- 
zontally with a roller inside. This process is intermittent. 

The Fuel Research Board have lieon experimenting in the use 
of triangular moulds’® which prevent frothing and give a consoli- 
dated semi-coke, while the other hand J. R. Robertsi’* uses 
coke-breeze as a diluent with coals of a swelling character in order 
to absorb the excess “ bindcu’” and give a dense, hard serai-coke. 

Peat, Lignite, etc. 

Methods of carbonising peat, lignite, and brown coal are in many 
cases akin to low-teftiperature methods. In view of the shortage 
of coal much attention li^is recently been given to these fuels, 
especially abroad. ‘The experiments carried out by E. Stansfield” 
in carbAnising lignite were with the particular object of obtaining 
a residue suitable for briquetting. He finds that if the maximum 
calorific value of the residue is obtained by carbonising at about 
600° C., the value of the by-products is small and the gas is barely 
sufficient to provide heat for the retorts or the pitch sufficient 
in quantiiy to proji^idc binder. Coa|-tar pitch waft flound to be 
the mdtet suitable binder and 13 parts to 100 parts 6f the residue* 
was required — almost double that required for anthracite.’® 

In the treatment of.peat Muller ’® finds that the moisture nfust 
not exceed 25% or the ash 5% if carbonisation i^ desfred, against 
the 33-40% of moisture considered possible for produoer-gas 
practice.®® Miller found that the yield of gas was 30% of not less 
than 4000 cals, per cub. m.‘; tai\5% and ammonia 0-25%. The 
retort temperature was 1100° C. and the time allowed 4 to 6 hours. 
The liquor was veJy diliJte. 

E.P. 134,529 ; 74a. 

E.P. 146,28^ ; Gas J., 1921, 155, 664. 

’6 Gas J., 1921, 155, 3iJ. 

Loc. cit. 

” J. Ind. mg. Chem., 1921, 13, 17 ; J., 19L^, 111a. 

« L. R. Thomson, J., 1921, 225t. 

J GashekMt, 1920, 63, 817 ; J., 1921, 73a. , 

^ P. F. Purcell, Fuel Res. Board Spec. Rep. No. 2 ; see also E. V. Mo6re. 
J., 1921, 229t. 
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An interesting, trial has been made Iw the FuA Reieafch 
Pe§t blocks wit}\ 20% of moisture were joughly J)roken in the 
usual coal breaker und carbonised at^^iic*rate of 3 tons per day 
per re^rt in the ^vertical retorts. Except for trouble with the 
large vofeny of gas to be dealt with and blockage with dust, the 
trial was successfully carried out. From each ton of peat there* 
were obtained 14,900 (uib. ft. of 325 B.Th.lJ. gas, 12-6 gallons 
of tar (setting point 40°C.), 95.1 gallons of 3'6 oz. liqpor, and 5*4 cwt. 
of charcoal. The tar contained considerable amounts of paraffin. 
The gas contained about 18% of carbon dioxide, had sp. gr. 0*757, 
and gave out a heavy sickly odour on combustion. The sulphate 
equivalent of the ammonia in the large bulk of liquor made was 
about 25 lb. i)er ton. The dry peat contained 1*51% of nitrogen 
— a sonjewliat low figure according to Purcell.*^- The peat charcoal 
was of much tln^ same form as the pcat*entcring the retort and 
had a calorific value of 12,050 B.Th.U. per lb. dry. 

The process of L. Tissiiu* for carbonising wood,®*^ using the exhaust 
gas(^s from gas engin(‘.s, might be of use for dealing with peat. Tissiei; 
finds ^liat the txhausr gases leaving at 400°-450° C. will carbonise 
the V ood in 12-24 hours at 250'’-3.50° C., and tjie resulting charcoal 
is of good quality. 

It is not without interest toffind that ‘wood h^s been carbonised 
successfully and t’le gas used for town supply at Birm|ngham 
and Stoyning when coal supplies wei'e short. 

Horkmital Reiorts. 

The interest of those concerned with horizontal retorts must 
have been gucaj^ly stimulated by the interesting account of G. M, 
Gill. « 4 ^Practical r^ults of ^hich those in charge of sfich qilants 
ma/ well be jealous are evidently largely due to the very careful 
control of which the paper is evidence. It is pointed out that 
the chief itegf of.thc cost sheet in a horizontal retort house is the 
cost of the coal. Every precaution, therefore, should be taken 
to give the coal the best treatment, and to avoid waste, ^he 
installation ot double- sided step-^ate* producers hi*^ given a grate 
area considerably above the usual figure of 1*35 s<i. ft. per retort. 
Settings of ten retorts in 5 tiers are used §nd the disa^imis effect 
of using ^refractory materials which give permanent contraction 
is shown. A feature of the retort* is the slofjpg mouthpiece which 
enables tar drip from th6 ascension pipes to faJJ back into the 
retort. An*interesfing dsperiment of building a setting up of a 
niixture of unburnt fireejay and grog was brought to a successful 

Technical Paper No. 4 ; J., 1921, 759a. 

Loc.^cit. 

• Chim. et Ind., 1921, 6, 136 ; J., 1921, 252a. 

Gas J., 1921, 166 , 212 ; J., 1921, 769a. 
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conclusion.* Much' attentioy is grvcn Jo charging. The 10 1 cwt. 
(jharges are givt'ii 10 hours and occupy 05% of the retort sp|ice. 
Expansion takes up 8% aJi^ the free space thon is*17%. A sjiecial 
'(Iruni on thc‘- Arrol-Koulis cliarging machine ,hclps in obtaining 
even (charges and^great attention is given to reducing^th(/charging 
^ time. As a consequence of this' it is possible with the provision 
of a rptort house governor on (‘.ach setting to work with dip pipes 
uns(^aled. Th(\ inerts only total 0%. Eor i)roperly burning of! 
the charge the following temperatures were found necessary in 
the (^ondmstion etiambers corresjionding to the weight of charge : — 
1270 ’ V. for 12-hour charges, IIUO'^ for 10-hour charges, and 1400° 0. 
for 8-hour cliarges. 

W. N(‘\\ton Booth I'c'fers to the falling off in the gas yield with 
increast' of age* of the retorts. Whiki retorts may look good 
shape and condition aft(‘r j'unning for 2000 days, it may not pay to 
run for over 000 days owing to loss of gas and infiltration of producer 
and waste gas by tlu* inei’i'jising jiorosity and number of cracks. 
.The (question of the design of recupi*rators is mentioned. While 
these oftiai succc'cd in materialfv reducing tfie Hue gas temperature 
th(‘y do not s(‘em to add ])ro])ortionately to the jireheating of the 
secondary air.'^'’ Possibly llu^ replacement of recuperators by 
waste* heat boilers, might tiecure a bettcT (‘lliciency.*''’ 

A seating has been designeeP’ in which thc^ seal in the hydraulic 
main is regulated b\ a pressure box.' through which the tar and 
licpior How. The level of licpior in this box is considerably lower 
than the U'vel of li([uor in the hydraulic main and is maintained 
or varit'd by gas prc‘ssu]*e, which is brought to bc‘ar upon its surface 
in the pressure box. The systcmi thus forms f^n . arrangement 
similar t6*a U-tub^s* with the licpior ort one side lower, than the level 
on the othcT. The gas pressure of 12-18 in. rec^^uired tb cTtuse 
this differences is obtained from a pipe line led, say, from the purifier 
inlet. By })lacung a 'pressure comptroller on this jiijie the liquor 
Ic'vel may be regulatc;d as desired. 

iSpme attc^ntion has been given to the subject of ascension 
pipe stoppagerc Thei e is mb doubt that oxygen admitted inad- 
vc'rtc'ntly plays a most inqiortant part and, as a„ result, a high 
temperaiaF? h deyelop^‘d in the pipes. This mostly takes place 
vdien the amount of gas ])assing along the pipe has fallen off in 
(l^uantity. Schnurr ,a*dvocatcs k. water-cooled^ ascension pipe.®® 
(.^ooling b3' lic^uxir circulation is effected in the Congdon system, 
w here the rc^torts on hacli side of each netting arc connected by 
short lengths into a vertical cast iron rectjingular main down which 

William Young Mem. Lecture, Gas J., 1921, 156 , 601. 

*SVr E. (1. Stewart, Gas J., 1921, 154 , 734. 

«’ A. Meades E.P. 165,581 ; J., 1921, 573a. 

«« Gas J., 1921, 165, 164. 
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liquor is passed, Pressure coifditioD|S in cacSi reltiri!! ar^''tiius 
neu1#*alised and a .common vacuum is Wcurqd no matter at what 
stage 5f distillation the coal in any orfe retort may be. W. H 
WaiTeri^® describes* the results obtained from an installatioi 
of a modmcc],, system. , 

It has also been found®" that 6y cooling the gas between th 
retort and the hydraulic main in some way such as by sprq.yinj 
with li({uoT', an increase in the yiidd of tar may b« obtained an( 
()0yo of the tar may be recovered in the hydraulic main. 

L. Stock believes tliat a successful system has been evolved fo 
stiviming horizontal retorts and a s])ecial setting is described.* 
It includes a waste-heat boiliT built into tlie setting which raise 
most of the steam required to furnish the extra water-gas. Th. 
steam is, admitted at low pressure' (0*3 atm.), and it is claimed 
that the steam rt^duces the tendency of the hot walls surrounding 
the free space to overheat the gas. iSufiicient heat is imparted to 
th(‘ st(‘am by this means t<^) (lausc it to combine with flaky carbon 
in i)rocess of formation. 


Vertical Retorts. 

A high duty has been obtained.from waste-heat boilers installed 
vertical settings. J’nde'rably tliese should ‘be* built into a 
setting arranged for the purjiose.®'** 
iSteaming has been investigated by the Fu('l Research Board. 

Be fore trials of coals were commenced tlu^ heat losses from tho 
setting of Glover-West retorts were determined. The heat required 
to keep the combustion flues at a tem])orature of 12f)0° C. when the 
retorts were fi/llof coke was ascertained to be 12*4 therms per hour. 
This^ieg^t equK'alci|fc of the setting corresponds to 09*0% (rf the 
fuel used in the case of a Yorkshire coal at a throughput of 2^ tons 
of cffal per day, j)er retort. With a combustion temperature of 
1210° C. the i^xponditim*. was reduced to 9*B therms per hour. 
Trials oj. three coals — a Durham, a South Yorkshire, and a Scottish 
coal — were carried out in such a manjier as to compare as fai»as 
possible with the tests at IJdding^tone. The gas'^^delds and the 
calorific value obtained in the test from the South Yorkshire coal 
are given on p. 58 in the curve taken from Fig.*3 of tlfe'^Report. 
The temj)erature of the combustion chambers was 1260° C. and 
as much as 33% o^ tho total hca^of the coal* was converted into 
gas of 460 ]^,Th.U. ydth extra amounts of tar and* ammonia. 

au,s J., 1921, 155, 7211. 

Binder, Gas u. Wasserfach, 1921, 84, 129 ; J., 1921, 335 a . 

Ga.s J., 1921, 153, 804. 

8. Clever and J. West, E.B. 163,150 ; J., 1921, 461a? 

Report Fuel Research Board, 1920 ; J., 1921 , 333 r . 

Ann. Repts., 1920, 5, '44. 
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(ji:'^eraKy Kipealling it is cpn.sidm*d tli,at it will found economical 
to steam uji to at least 2(]% of tlie weight of coal. While Jtherc 
are one or two ])oints‘ditfidait to understand, •such as tlie loW' yields 
of ammonia, the R(‘])ort should he closely exatnined in tli^.^ original 
hy those inter(‘s^)(‘d. 

Voke-Oventi. 

\r 

As a result of a J^oard of 'J>ade inquir}^**'* it is fo 
7275 l)y-])roduct ovens (about Sr>^(, of those normally in opcu’ation) 
8010 are r(‘g(‘nerative. 8^he gas yi(‘l(l averages about 10,000 cub. ft. 
])cr ton of 420-550 B.Th.U. gas. In those of the recuj)crative 
ty])e Of)-] 00% is us(‘(] for heating tin* ovens while from the regener- 
ative' ty])e! 5(M)0'>(, is iise'd. A te)tal e)f 87,250 millie)n cub. ft. pe*r 
afuium is utilise'd in e)tlie'r ways than for heatiFig the; ovenij, leaving 



^ T' ^ 6? <!0 V 100 • * 10" 110 116 

^ * THCSTMC' of OA® PKOOVJCtD PCrVon OF COAl. OASONItttD * 


a total e)f 7250 millie)n cub. ft. available for disposal. This suypris- 
ingly small amount" ^voulel be reelucc'el, as far,as*^town\s supply 
goes, by the fact that in man\' ease's the ovens are too far removeel 
fre^m place's e>f consumption. • 

llie math^iatical anel physical we)rk of G. E. on the 

amount of free space trave'rseeTby the gas from coke-ovens with 
differei^+ .jiositions of the asceaision })ipe is intere'sting. He concludes 
that the gas has Twice as far to travel when the ascension pipe is 
placed at the end e)f*Mie oven t^iambcr as it has when the pipe is 
placeel in the centre, but that the time spent *by the products in 
the oven is the same*vhcrever the ascension “pipe is placed. The 
mean velocity of the gases in the oven is one-haK the velocity of 
the gases enfering the ascension 2 )ipc. The author finally concludes 

921,. 25()K. 

Guf! World, 1921, Coking Sect., Feb. 5, p. 12, and April 2, p? 11; 
J., 1921, 193t. 
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that no (lisadvantf\ge whatever is iticurred hy ehangiiigjtlw pomioii 
of th^^- ]npcs. Jt is not certain, liowever,*that the amoupt of decom- 
])ositio!i of the gr.seons products is soli.iy dependent on the time 
during v^hlch they ^ re in the free space, and it might conceivably 
he higher »for,^ an increased travt?l and proportionately increased 
\xdocity. T. Johnson"’ prefers a centrally-placed ascension ]n})e 
and suggc'sts an ov^al cross-section as giving greater ch'aning facilities. 
Some interesting cin ves arc given showing the ttanperature at tlu^ 
lop and bottom of ascension pipes at dilT(‘r(‘nt carbonising times. 
During the grcaiUu- part of th(‘ time a tempia'atuie of ov('r bOO'^ (J. 
is (‘X])eri(‘need. 

A ])at(‘nt has been taken out for revtwsing the direction in which 
l]i(‘ gas is laken off a Cf)king charge so as to e((ualis(‘ t(Mnperature 
condition's and retard local over- or inid<*j‘-heating. 

8omc attention has lanai givTJi to the possibility of using tlie 
sensible heat of (joke discharges! from oveais by circulating flue gas 
or inert gas through the cliarge in a. chanduu'. Tht‘ gas(‘s after- 
wards pass through h'ed-uatea* luaitta’s and waste^-lieat boilers. 
'Ih(^ w'lfoie, aic nu,)unied on inovabk''^'. ars."" 


Wateji-Das. 

The Rcs(‘arch iSub-eaunmittee of the Das Investigation Committee 
of tlie institution of Das Engineers has carri(‘d out a seiic's of , leasts 
on a Humphri(‘s and Glasgow* w'ater-gas plant at Birmingliam.’"" 
^riie objefjt was to obtain the thermal (efficiency of the blue water-gas 
])rocess for pur])oscs of (iom^mrison with the efficiencies obtained 
in steaming v(‘rtf(!al retorts. Tln^ mo(l(‘ of carrying out the tests 
and the results are exhaustively d(‘S(tribed. Tlu^ normal (;yclo 
used was one consis^ng of a one-niinute blo\v, and a fom’-minute 
run ^fhi(^l included a 2i-mins. down run. Up-runs w^ere resorted 
to before clinkering to cool the lower ])art of the fuel bed. The 
av(;ragc blue gas made containesd less tlian 5% of carbon dioxide, 
niore than 39-5 of carbon monoxide, and over 48% of hydrogcui. 
The blow gases contained about 12% of carbon dioxide, 12-5% 
of carbon niopoxide, 3-0%, of hydroger, and 0*5%*of methanes 
t'rom 57,500 to 00,800 cub. ft. of 293-300 B.Th.U. gas was obtained 
])er ton of coke (dry and ash-free) giving 38 ‘.92 to 30- 81 Ib.^if coke 
per 1000 cnb. ft. Interesting ligures are tabulated in regard to 
tin; distribution of carbon, sulpliM*, and nitrogen. The sulphur 
o(|uivalent to the ammonia -at the inlet of the scrul^b(*r am(junted 
to 0-74 lb. pbV ton ol cokv' chaTged to gtmerator. Dust collected 

World, 1921, Cole lit </ Sect., March 5, j). 1.3. 

H. Koppers, U.8.P. l,3(>9,67a ; J., 1921, 2.'jlA, 

Gowe^sclitift Emscher-Lippo and H. Heyn, E.P. 153, .31 3; J., 1921, 

iUA* 

Sixth Report ; Gas J.l 1921, 164 , 619, 672 ; J., 1921, 649 a. 
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at 'Variotis ‘places after ^Jic sciifubbe^ largely consisted of silica. 
8imilar deposits have b^-en previously observed. The tljiermal 
efficiency, taking tlib fuel for steam supplied to generator and 
turbine into account, was 45*8-46-7%, and when th^ was not 
allowed for reaehed 55'2-55-9%. No allowance is made for picking 
coke from ashes or recovery of potential and sensible heat from the 
blow gas(^s. The latter important loss could be made use of in 
waste-heat beilers which it is calculated would give G9-78 lb. of 
steam per 1000 (;ub. ft. of water-gas mad(‘. The average efficiency 
would then be 55-9%. This does not compare very favourably 
with the steaming tests at Uddingsionc. E. G. Stewait, however, 
j)r(5vious]y obtained a better wu,st(* lu‘at T‘(K*ov(‘ry of 90 lb. of steam 
at 100 lb. pressure per 1000 cub. ft. with a somewhat low^er 
amount of heat in the waste gas and maint-aifis that the,, efficiency 
of the wat(‘r-gas plant should b(‘ 

It is rc'ported that at Brentford and Southall waste-heat boilers 
liavc resulted in surplus steam over that rct[uircd for the plant.^”- 
The introduction of waste-heat boilers couj)led with the system of 
feeding the generator direct i^Iith hot eokb from JiorizontaV retorts 
at these works rpust bring up the efficiency considerably. The 
process then becomes one of two-stage gasification and leads 
naturally via^^ the. Robifison plant to complete gasification. The 
advantage of the two-stage process wall lie in the fact that the 
yield’ of by-products will be highen and they w ill be more easily 
recovered in this w ay. 

An interesting matter which should receive' further attention 
is the part played by mineral matter in the gasifie.ation of 
solid fuel. Iffius L. Vignon’"^ finds that tlu' lime at all events 
plays an import-ant part. It .favours the' production pf 
methane, and by its catalytic activity carbon monoxirk^ oan be 
decomposed in the jeresenee of steam with j)roduction of hydrogen 
and hydrocarbons. - It is considered possible to prod^ucc an artificial 
coal gas in the w^ater-gas plant by bringing the Vater-gas into 
contact with lime and steam or by mixing lime with the coke. 

'blue watthkgas stenche<s ‘'are dealt wdth in a ri^iort from the 
U. S. Bureau of Mines. 


Ethylene. 

A further accoui?t^ of the ek*perimental work at Skinningrove 
on the conversion of ethylene into alcohdl is given by C, E. Tidman^®'”’. 
Powdered sihea w^as ifscd as a catalyst iA‘ the absorptfen and found 

’^•>1 1921, 1 , 66 , 203. 

Oafi J., 1921, 154 , 145. 

»»» L: Vigndn, Afin. Chim., 1921, 16 , 42 ; J., 1921, 206a. . 

ADifion and Katz, Ttch. Report^ No. 267 ; Gas World, 1921, 74 , 440 
J„ 1921, 66t. 
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i(j increase the efficiency 5^% wt'th 95*4% sulpimrici,’ a*3id. it is 
jiulggd that a 3-niinutcs' contact shouiU give a 70-8Q% recovery 
ill prattico. l)i('+hylene disulphidii war., ""isolated as an impurity 
in the rc^n.(‘d alcoTiol. It is proposed to remove hydrogen sulphide 
by reaction with sulphur dioxide, the excess of the latter and the 
free sulphur being removed in scrubbers. The absorption of ethylene 
and proj)ylene by sulphuric^ acid has also been investigated by 
S. G. P. Idant and N. V. Sidgwiek.^**® While the absorption in- 
(;r('ased with stronger acid the amount of diethyl sulphate also 
increased. The a.])sor])tion is followed by the reaction of the 
absorbed ethylem' with acid to give ethylsiilphuric acid and the 
latter interac^ting with ethylene gives lise to diethyl sulphate. 
Aiito(iatalysis is consideix'd to be well marked with acids of strengths 

" t 

S U IJ m U R Pi I K IFK 'ATI ON . 

A process has been suggested for removing hydrogen sulphide 
b}' a ])referential eatal>'ti(? oxidaticai over a laycu* of activated 
eliar(T>al, tlu^ sulphur Ix'ing afterwards nuiioved by some suitable 
S()lv('nt.*“’ This is somewhat at variance with tlui work reported 
by tlu‘ Alkali Jns])eetor,^®^ who finds that wood charcoal does 
iu>t behave in an analogous manner to oxide of iron but produces 
an exc(?ssivo amount of acid products and a limited amoupt of 
^rt'e sul])hur. 

N. E. Ram bush, who usins a method of liquid purification by 
circulating ferric hydrate in suspension, finds that a loss of sulphur 
occurs (lining the subs(‘quent oxidation.^®** He tluTofore maintains 
a. clos(‘d circuit so that tin* oxygen content of the air used for 
r(‘<iivification beeomej redue(‘d {o 8% and is kept at this by renewal 

ith ffesfi air from time to time. Iron compounds may also be used 
in alltraline solution, tartrates, oxalates, etc. b(*ing addled to prevent 
])r'c'ci])itation of the iron, with a disinfc'ctant to prevent bacterial 
Jiction.^’® 

In th(> wide fitdd of work still presented by oxide nurification, 
fh(^ researches reported by th(‘- Alkali Inspector Tor 1920 are 
udeome,”^ The, material examined designated “burnt oxide” 
do(‘s not appear to be the ordinary burnt fqient gxide vhi.h has 
hcen used in making up artificial oxides, but is a residue of some 
process which is activated ” by mixing with a small jiroportion 

J ., 1921. ]4t, 

W. Schumachor, O.P. .331,287 ; .7., 1921, 338a. 

Alkali Inspector. s Repo,t, 1920, p. 38 ; J., 1921, .'571a. ■ 

E.P. 162, 5.54; .7., 1921,426a. 

Radisehe Anilin u. Soda Fabrik, (l.P. 299,163, 331,322, 334,524, 
^^^4,5:45, 333,7?i5 ; J., 1921, 338a, 346a, 470a. 

Alkali Inspector's Report, 1920, p. 25 ; J., 1921, 571a. 
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of ll^e an^ fcf)% of fine coal, prciising,^and burning. The material 
was, compara tively speaking, very inactive in the presence of hydro- 
gen sulphide but th6 attopt^n was inate#riaUy increased after 
repeated use and the e.olour changes indieal^rf th*at tly surface 
was being grading! ly attacked. When a mixture of air^ana hydrogen 
sulphide was usi'd a more rapid action was obtained which was 
appivrently limited by the accumulation of residual nitrogen. The 
action ajipearcfl to be a 2)UT-ely catalytic one and it was not impaired 
by excess of air or hydrogen sulphide, but unfortunately fell off 
after repeated us(‘. A rise of temperature favoured the reaction. 

W. A. Bunkley gives the result of an extensive examination of 
the subject. He piefers to consider that hydrates of iron of 
definite composition do not exist except possibly the monohydrate, 
and that the water whii^h affects the behaviour of the^ oxide is 
adsorbed on the* suiface of the mate'rial. For (^aeli oxide there is a 
definite eontemt of water which is most suitable and the activity 
alters with water eonteait above or below this limit. '^Fhc yellow 
oxides are considere'd as a rule more active than the* red and may 
be workc'd with a. wideT range?^ of the wat(?r content. By heating 
to 400^' (.1. such oxides are transformed into reddish varieties and 
the activity is tlu'ii less and is not restored on moistening with 
water or only vmy slowly. Wliyn a hydi*ait‘d or non-hydrated 
()xid(^ is sulphidc'd and revivified in presence of water it tends to 
return to tlu* saim* physical .state, eplour, and wati‘j' content. It 
is im])ortant to note that the oxide fouling tests were carried out 
at the ordhiary temperature and the oxide was not allowed to gather 
heat from tlu* r{*aetion ; h(‘nce the aetiAdt-y is limited. This especi- 
ally appli(‘s to,, the fouling of oxides which have been previously 
subje(;ted<do heat*' v * ' , 

A V(*ry int(*resting ])ro(;ess is foreshadowtal for t*iie remowil of 
hydrogiai sulphide by washing the gas with a solution of an organic; 
comi)ound.“^ A saturated solution of methylene blut in an aqueous 
solution containing 20% of pyridine is given as an Vxample, and 
certain compounds of the azinc, triphcnylmcthane, and iwdigoid 
dyestuffs and«j;^ther substanojs which may be reduced by hydrogen 
and oxidised by air can also b<? used. Benzol may be added if 
Llesired Jii^prgvent removal of light oil from the ga^. The reduced 
dyestuff is afterf/ards* re-oxidised by blowing air through the 
!iolution and the fret* •sulphur recovered. 

I ^ 

CARBON Btsulphtde ANI)^ (1yAN()(JEN. 

In the removal of 'sulphur compounds by oil washing E. R. 
Hamilton Reports that the chief trouWc experienced in dealing 

”2 (JasJ., 1921, 150, :582, 4:U>, 491 ; J., 1921, Cir)A. 

8uuth MtUropolilan (Ihk Co., K. V. Evans, and H. S/anier, E.P 

1921,. 728a. 

114 OV/.v.r 1921 759 r .7 1951 Tf.OA ' 
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\\'ith gas rich in these coinpoundrf was in niaintainiiij^ it sui^ble 
ti‘inp(U'ature. At a tompcrat*ure of 70"-^5“ C., 8 galloi^s of oil per 
](K)0 ci*b. ft. was.heciissary to obtain^a'50% reduction. It is 
considered that*tliv^ temperature should be kept to about 60° C. 
for efheieni working. Oonsiderabk^ advantage^ 'was secured by 
tlu‘ simultaneous I'cmoval of naphthalene. It has been suggested 
that the vapours from the distillation of sucdi wash-oil should, be 
passed into suljihuric acid for thci purpose of nunovipg thiophene, 
or an oil should be used which could be Avashcai dir(‘ctly with acid 
for tlu' same puipose.“'‘ 

TiK‘ use of dilute hypochlorite' solutieais for washing tlu' gas to 
?‘('inoAT sulphur compounds has bee'ii inv.*stigat('d, and found 
])ossih1e provided intimacy of contact is obtain(‘d.^’“ 

The simultan(‘ous removal of (*yanogen and carbon bisulphide 
is pT' 0 ])oseTl by ]V1. IVIinot.^’ Tlu' gas, cooldll and tVeu'd from tar 
hut containing ammonia, is waslu'd with a dilute sodium polysul- 
])hid(‘ solution obtaiiu'd from spent oxide' : — 


(Nllj),S, IJK’N I Nil , -^,NH,S(.’i\ j (NH,).S 
(?fH,).,SlCS,.. CSJNII,), 

(Secondary reactions occur owing U) the' oxygeri pr(‘S('nt oxidising 
tlu' ])olysul])hi(le to thiosu]])hate *and sul]>hur, and* carbon dioxide 
which forms an (‘ipiilibriuni in decomposing th(' polysuljdiide. *The 
wash liquor is distilled and ammonia ‘driven off to the sulphate' 
])lant. The' thiocarbonate is decompose'e.1 to thiocyanate ; the 
solution is evaporated to elryiK'Ss anel the' re'sielue may be converted 
to feiTe)eyanide'. 

Ane>the*r metlK)ei e)f rememng cyanogen is te) passijthe gas through 
elutlk whu'h nn%^ be'^sprayeel with water oi‘ ammoniacal liqUor. 
The clialk is supposeel te) act as a catalyst, and free sulphui* was 
founel in the residue.^’ “ 


Ammonia. 

t 

Impe^rtant information as to the coiy pounds of anwnonia an!I 
carbon dioxide Vhich can exist in (intact, with aqueous solutions 
of the' eioraponentoe betAveen 0° (h and 60° (h is given b;;^ K. Terres 
and H. Weiser.^’’’ Five different compounds arei recognised as 
"^olid phases—aminonium bicarbonate, the bic^irba mate-carbonate 

eh)uble salt, thcnornvil carbe)natc, ammonium carbamate, and the 

• 

South M^Lrupolitafi Gas E. V. Evans, H. liollings, and H. Stanier, 
108,482 ; J., 1921, 728a. 

E. C. Bre'iincr, >1?))^?-. Gifs J., 1920, 114 , 339, 348 ; Chem* Abst., 1921, 
15. 1800. 

Cfiim. ImL, 1921, 6, 135 ; J., 1921, 72r»A. 

(1. Taplay, OVw J., 1921, 156, 589 ; J., J92I, 72(iA. 

Elektrachem., 1921, 27, 177 ; J., 1921, 431a. 
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cart'^mai'e* iicaroonaie double rilt. .Starting with the first-named 
and water between 0"^ C. apVl 33° C., as the concentration of anpnonia 
increases the solid j^ihases change to the cfthcr compounefe in the 
order given. 

An interesting plant for the distillation of liquor is ‘described 
in which the liquor is sprayed successively into chambers at suitable 
temperatures and diminishing pressure so that the vapours are 
released in stages. The liquor is preheated by passing through 
tubes enclosed in the jackets surrounding the spraying chambers 
through which waste gases are circulated. Provision is made for 
addition of lime to decompose fixed salts. 

A novel idea is put forward to remove impurities by compressing 
gas in cylinders with glycerin to about 300 lb. pressure and then 
cooling it in condensers to 60° F. The fog of glycerin with dissolved 
impurities is separated from the gas, and upon releasing the pressure 
from the former most of the dissolved gases fly off as vapour and the 
remainder can be expelled by warming.^-*’ 

By distillation of crude liquor, solutions of various sj.trengths 
can be obtained w^hich can be used for washing gas free from carbon 
dioxide and hydr )gcn sulphide, the gas finally passing through an 
acid saturator to remove ammonia.^^^** Or the residual crude 
liquor obtained by driving off tht greater part of the free ammonia 
can be used for further washing in the scrubbers until its content 
of fixed salts is sufficiently high to permit of its being worked up 
completely. By this method fuel consumption on sulphate plants 
can be reduced.^^^ 

Work on the oxidation of ammoniacal liquor previous to distil- 
lation is reported. 

The neutralising of the free acid in sulphate has not yrt become 
common, but fresh processes have been devised. Thus J. B. 
Hansford ’26 ^ catch-box or small saturator above the usual 

saturator, and works the main saturator up to<r neutral point. 
When this point is approached the exit gases which wil] contain 
aVhmonia aie passed to the catch box, and there held. When the 
neutral salt has been removed^ the catch box is eflaptied into the 
main saturator and the proccvss repeated. N. Wilton proposes to 
place the wet acid salt in a pressure filter and after forcing out the 
mother liquor by dry steam, admit ammonia gas to neutralise.’^® 

’2“ Holmes and Co., M. Boocock, and W. Wyld.'E.P. 107,719 ; J., 1921, 
43U. ’ i 

131 W. 0. Felt, E.P. 159,905 ; Qas 1921, 164, 556. 

133 J. H. Fairweather, E.P. 147,583 ; J., 1921, 378a. 

323. J, H. Fairweather, E.P. 165,833 ; J., 1921, 582a. 

334 Alkali Inspector's Report^ 1920, p. 20; J,, 1921, 581a. 

336 Qas World, 1921, 75, 243 ; J., 1921, 733a. 
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,TaR AND^TARtf^RODXJCTS. 

N*5W processes have been suggested :l|)r,distilling ta? by hot gas, 
steam,' etc, to^avbid ^he increase in free carbon and pitch which 
occurs ih ordinary distillation. In one case an inert gas such as 
(tarbon diftxidc or nitrogen is userj which is constantly drawn off 
at the outlet of the condensers and recirculated through a heater 
to a still. It is claimed that the yield of oil is increased, the pitch 
yield reduced from 60% to 46%, and the free caii)on in it from 
40% to 28%. Moreover the distillation can be carried to a much 
higher temperature and i)itches of melting point 350°-60()° C, 
obtained without coking of the residuc.^-^ In another case preheated 
tar is injected with superheated steam into a tube so as to be 
converted to vapour. Carbon is deposited in a dust chamber and 
the tar t)ils separated by fractional conc|pnsation.^-“ Or again, 
the superh(‘ated steam may be passed through the liquid tar at a 
t.(‘mj)eraturc of 200°-250° 0. in a continuous manner. Separation 
is assisted by fractional condensation which is controlled by adjust- 
inent of the outlet tem;yerature of the still. Tars with high water 
eonteiif can be ^satisfactorily dealt*' with in this manner. 9 jj 
Offerman^^® prefers wet steam at 100^0. and, finds that higher 
yields of oil and less pitch result. . 

An interesting study of the synthesis of anthrac»nc«from benzene 
and ethylene is reportcjd. A mixture of the two vapours was passed 
ihrough a quartz tube in an Electric furnace in the proportion of 
two of benzene to one of ethylene. The tars collected from experi- 
uieiits made at various temperatures from 800^^ to 1000° C. were 
analysed, and the anthracene content found to reach a maximum 
at 025°. Abojrc,this temperature carbon rapidly stiparated. At 
035° C. the tartcon^ined 4-45^ or 0-675% on the benzene. At 
1000°TJ.*the yield of anthracene w'as zero.^®^ 

Tli« crystallising properties of solutions of anthracene, 
l)henanthrene,,an(t carbazolc have been studied by E. Pascal, 
and the^mclting points and boiling points by W. Kirby .i®® 

The product obtained by oxidising; anthracene oil after tfte 
j>henols have Ifeen extracted is said to bfe suitable for transformer 
oil.’ 3^ By heating with sulphur with or without air,^ anthracene 
and phenanthrenc are converted into pitdiy substances which 

Barrett Co., E.P. 158,852 ; J., llfil, 575a. * , 

W. Anderson and J. Meikle, E.P. 158,337 ; J., 1921,,209a. 

M. do 9?;,vignac, J.,*1921, 155, 545. • 

Chem.-Zeit., 1920, 44, 773 ; J., 1921, 35a. 

J. E. Zanetti and M. I^andell, J, Jnd, Eng. Chem., 1J121, 13, 208; 
1921, 253a. 

Bull. d'oe. Chim., 1921, 29, 644 ; J.. 1921, 686a. 
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increr#.se the lubricating propertifes of +ihe oil, and render it suitable 
for lubricating ropes, axJnsl briquette rolls, ctcM^ 

H. Tindale separates pitch into four conStitu'fent oils boiling up 
to 300° C., free carbon, petrolenes, and asphaltenes. The latter 
is most desirable for road tgjs. In horizontal-reioro tars this 
constituent amounts to 35-40%, in vertical-retort tars to 25-30%. 
It ib proposed to continue the distillation beyond the usual point 
using superheated steam and air. Tlie latter increases the amount 
of asphaltenes and the process is continued until the desired product 
results.^^® 

Corrosion. 

An examination of several points in connexion with the external 
corrosion of service pipes has resulted in some interesting observa- 
tions.^®’ With acid conditions bacteria were found to play an 
important part. In alkaline soils when moisture was present 
equally severe corrosion occurred, the agent in this case being 
calcium bicarbonate. 

136 F. S. Schreiber, C.P. 330,370 ; J., 1921, 339a. . 

i3« E.P. 163,199 ; J., 1921, 463a. 

137 J. G. Taplay,' Qas J., 1921, 156, 210 ; J., 1921, 760a. 
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By J. K. Hackford, 

Chemical Adviser to JI.M. Pelrohvni Deimrl-ment. 

The Origin of Petroleum. 

1’he most gratifying feature of the j^^car Jias been the recognition 
by the various authorities that they must flevisc a theory as to 
tlie mode of formation of the petroleum oil particular to the district 
in which they are interested, and not, as at the present time, to 
attempt to build up a single theory as to the formation of petroleum 
oils in g/eneral. There ifi some signi§cance in the fact that those 
opinions which atPributc the formation of petroleum to vegc'tation, 
on account of the optically active constituents Vhich have been 
klentified, all originate from the East. Whilst it is true that this 
phenomenon has been discussed* in the West, Aiheilcan workers 
have not put forw^ard any serioys theory, supported by observa’tion, 
in this direction. Another point of interest is that most of the 
\\ork done in connexion with this theory has been undertaken by 
nu n who, presumably, have lived in the atmosphere of the Russian 
and Galician oilfields. It is here suggested that these theories 
have originate(> ow ing to w ork ^accomplished on tiiaf clasg^of oils 
locTsely^kjjown aS thejaaphthenic oils, and that such theories apply 
to the oils in question. W. Steinkoff, H. Wintemitz, W. Roederer, 
and A*W. Wolynski^ suggest that the optically, active constituents 
originate from* cholesterol and its derivatives, acknowledging, 
however,^ the previous work of Engler and Hullard.^ At the 
present time, the decomposition productg obtained froi» cholesterol 
are all dextrorotatory, whereas certain fr^tions of peRoleura have 
been found to be* Isevorotatory. By heating cholesterol at a tem- 
perature of 150° C. with kiesclguhr, cholestefylenei is formed, and 
Ihere is a gradual diminution to a minimum^ value of the laevo- 
rotatory power of thq cholesterol. This is not dae to racemisation, 
«ince an increase ultimately occurs. By he^iting ftholesterol in 
the presence of quartz, at S temperature of 200° C., the rotation 
continuously diminished, and was ultimately converted into a 
dextrorotation. During these heating processes, decomposition 
the cholesterol took place, the decomposition products containing 

^ prakL Chem., 1919, 100, 65. 

® Z> angew. C^ew.„1908, 21, 1685. 
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varying amounts of hydrogen, a!nd Stcinkoff, WinternitZj llocderor, 
and Wolyiiski suggest as the result of these changt^s, the 

optically active component is generated, sirice Ik^uid choh^sterylene 
can b(' reduced in the presence of palladium U) a saturated, dextro- 
rotatory, highly viscous product, whicli exliibits ^\o fluorescenc(^, 
and which very ctloscdy rc^sernbles the natural petroleum product 
separated by Halmai.^ It is report(‘d that traces of chloresteryl 
ether were prt)duced when the mixture of cholesterol and kicselguhr 
was heated at 30"^^ for a short time. V. Predescu^ cites the optical 
activity of some* of the higher boiling fractions of Roumanian 
petroleums. K. Kobayashi ^ has given a very interesting account 
of experiments in which he obtainc'd mineral oil, aliphatic and 
naphthenic acids by the distillation of herring oil in the ])resence 
of clay. The hydrocarbons in the oil were mainly of tlie naphthenic 
series, together with a considerable (pantity of olefines. The 
formation of the hydrocarbons is attributed to the action of the 
Japanese acid clay, AlgOg, CSiOg^xHgO. The fish oil is hydrolysed 
to fatty acids and glycerol by the action of the A\'ater in the clay ; 
and the fatty acids are decompost'd into hycpocarbons,' by the 
elimination of cejbon dioxide, and with the formation of acetic 
and naphthenic acids. The hyplrocarbons thus formed arc cracked 
to lighter ones -by the upper layer of clay. The oil-fields of Japan 
are fssociated with the outcrops of Jajmnese acid clay, and Japanese 
petroleum is accompanied* by saL water. It k- suggested that 
natural processes, similar to those described above, account for 
the formation of Japanese petroleum from marine animals. In 
Mexican oils, which there is good reason to believe are derived from 
marine \Tgetatipn, corroborative evidence is given by the jiresencc; 
-of iodiile in the accompanying salt waters, and a multiplicity^ of 
elements, such as could have been derived from marine vege- 
tation, e.g. vanadium, gold, molybdenum, lead, and tin in the ash 
of the oil itself. One of the common omissions from such tWories 
as the above is that of corroborative evidence, ctnd it might be 
aiggested that iodine, which is known sometimes to occur in the 
livers of cet.ain marine dnimals, and phosphorus^ as phosphates, 
be searched for. 

J. X^.^'Hkckfoj’d® explains the formation of various forms of bitu- 
minous matter from petroleum, and entertains the possibility of 
the simultaneous formation of 'both coal and oil. He puts forward 
the theory that, in the decomi)ositiosa of a stratum containing a 
deposit of either animal remains or vegetable matter, these sub- 
stances form oil and gas, which, if contained in a sandy bed, arc 

® Uisa.f I\arlsruh€, 1909. 

'* Bull. ScL Acad. Romnaine, 1920, 6, 188 ; J., 1921, 377\ 

^ J. Cheni, Ind. Japan, 1921, 24, 1 ; «/., 1921, 260a. 
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swept away from , their source, Jis rapidly as Jormed, fcy ^her 
gravi^ or water, since neither the aninkl remains nor^the marine 
vegetation contain*celkilosic material cafiahlc of forming a sponge- 
like tissi¥) whi5h would hold the oil in situ during the decom- 
])osition stage ^ 

Then assume a buried deposit of Wrestrial vegetation. Decom- 
position takes places, resulting in the formation of oil and ga%, as 
in the case of the marine vegetation. Owing to •the eellulosic 
nature of the material the oil is kept in situ, whilst decomposition 
proceeds. Accompanying this decomposition there is probably 
a rise in temperature, which, i^ven if not above lOO*^ C.,is quite 
suhicaent to convert into kerotenes the oxy- or thioasphaltenes 
lliat are simultaneously formed with the oil. As the process goes 
<>?), the kerotenes become more sparingly soluble, until they an? 
jiisoluble in pyridine and (piinolinc, and so remain as a solid in the 
s]K>ngelikc mass alTorded by the eellulosic structure of the terres- 
Irial vegetation. 

P. t'armody ’ also states a view which inclines towai’ds a vegetable 
origin htr all the ^airbon* deposits on*'or in the earth’s crust. The 
])rin(!ipal chemical constituent of this vegetation js cellulose, which 
"oiitains 44”o of carbon. (W1 is ajso of vegetable origin, and was 
formed from cellulose, the ehcmk;al (hang^ probaljly^taking place 
ill the presence of a limited quantity of water. When we come 
to consider liquid carbon depojiits, •petroleum oils, the suDjcct 
iK'comes more complicated, as there is no mierosiiopical evidence 
of eellulosic structure in situ, and chemical evidence, in this case, 
must bo mainly relied upon. Jt is also stated that the presence 
of an asphaltic^ base in some oils, and a parafiin biisc in others, 
is dilticult to upcler^and, unices we assume a (filTcrcnce^ *in the 
('liaracXn’*of the vegetable substances from which the oil was 
former^. 

d. Kewdey,” A^hilgt referring to the origin of the crude oils of 
Borneo, states tliat these oils must be of vegetable origin, as there 
is no indfeation in the sands and coals of sufficient animal mattcjjp 
to Lave yielded, such quantities of oil. *lie states tlu«f experience 
does not lead one to expect that coal and oil were formed simul- 
latieously, although he believes that if the ^ils in tlr# Ksetifield 
were developed in situ, they have either migrated from some dis- 
tance, or have arisen from the coal,* or from th(j vegetable matter 
that formed the coah This* latter view was advanced by C. ¥. 
Mabery,* who*stated fhat c#al is, under certaffi circumstances, an 
intermediate state of deconiposition between vegetable ^substances 

’ - 7 . Inst. Pet. Tech., 1921 , 7 , 308 et seq. 

” J. Inst. Pet. Tech., 1921 , 7 , 219 . 

Amer. Ghem. Soc., 1917 , 37 , 2015 . 

J. Inst. Pet. Tech, 1921 , * 7 , 407 . 
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andvPetr"*lcam. W. F. Hume^® attributes a vegetable origin to 
Egyptian oil, and points |)ut the proximity of^^a bituminous coal. 

The Oxidation of Paraffins. ! 

A groat deal of attention has been centred on tlu; above subject, 
but the nature of the investigations has been ratner to amplify 
and confirm the work of the jirevious two years. It will be observed 
that the interest lies in the countries of central Europe, having 
originated by the scarcity of fatty acids during and immediately 
after the war. The aim of the investigators is the production of 
commercial supplies of fatty acids suitable for soap-making and 
other industrial uses. 

In many of the earlier experiments, the oxidations were carried 
out by passing air through various petroleum products, at tem- 
peratures ranging frorA 100° to 200° C., with or without a catalyst.^i 

In recent work, the paraffin products were either treated along 
the same lines, or chlorinated before treatment. A. Schaarschmidt 
and M. Thiele treat paraffin w^ax with chlorine, and hydrolyse the 
resultant chloroparaffins w’th alcoholic potash. The rresuftant 
olefines arc oxidised with potassium permanganate, and yield an 
acid C 24 H 2 oCOOB‘, which was isolated as the silver salt. Oxidation 
of olefines containing a considerable number of double bonds 
yields large Ijukntities of acids soluble in water and much carbon 
dioxide. G. Teichner'® and Deutsphe Erdol A,-G. have also 
patented similar processes.'" A. Griin and T. Wirth'*^ show that the 
oxidation of paraffin wax at 160° C. is practically unaffected by 
ultra-violet light. 

V. Kohlschutter and A. Frumkin^® show that when petroleum 
produetj^ are subjected to the action of canal rays the cathode 
becomes coated with substances which, upon heating, evqlve gas 
and tar, leaving a deposit of carbon. From the description given 
these deposits appear to be asphaltenes, similar ^ in propeities to 
the sludges obtained in transformer oil. 

C. Granacher” treated parafiin wax with air containing 2% of 
nitrogen peroxide and obtained yields of acetic, butyric, and higher 
fatty acids, with 15% of unsaponifiable oil. The reaction proceeds 
at 110°-150° C., requiring periods from 10 to 24 slays, according to 
temperature. With "pure nitrogen peroxide, oxidation is complete 

M. Bergmann, Z. angew. Chein., 1918, 31 , 98. F. Fischer and 
W. Schneider, Ber., 1920, 53 , 922. A. C\riin, E. Ulbrich, and T. Wirth, 
tier., 1920, 53 , 987. 

“ Ber., 1920, 63 , 2128 ; J., 1921, 3a. 
la E.r. *148,358 ; J., 1921, 729a. 

E.P. 148,892 ; J., 1921, 729a. 

15 Z. mgvw. Chem., 1920, 33, 291 ; J., 1921, 3a. 

Bcr., 1921, 54 , 587 ; J.,*1921, 340a. 

” Hdv. Chim..Acta, 1920, 3, 721 ; J., 1921, 4a. 
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ill 8-10 liours at 140° C^, nitric /ixicie being evolved JSfitrngen, 
hydrogen cyanide, and nitro*compoundsiare apparently also fOTmed 
under ^bese conditions, and the solutiAn-of the oxidised wax in 
caustic; spda is fed. ^ Pure ??.-undecanc treated with nitrogen peroxide 
at 140° C. gave nonoib acid and low'er fatty acids, 40% being unacted 
upon. This Aicthod will, therefore* not give any definite acid from 
a particular hydrocarbon, and the natural higher paraffins probably 
only contain small quantities of normal members. A. Schmidt has 
patc'iited a process for producing fatty acids by passing air through 
paraffin wax at a temperature of 1()0°-120° in the presence of 
mercuric oxide as catalyst. W. Schrauth^® first chlorinates the 
petroleum fractions, and fuses the monoch loro-derivatives at a 
temperature of 200°-300° C. with alkali, “ in such a manner as to 
avoid high pressure,” and obtains a yield of palmitic acids from 
cetyl chToride. ¥. Fischer heats paraffin wax in an autoclave 
with sodium carbonate solution, and blows air through the mix- 
ture at a pressure of 30 atmospheres and temperature of 170° C. 

'riie fatty acids have an average molecular weight of 250, and are 
suitabV' for the maivafacturc of»‘ soap. F. Fischer and W. 
Sc;hneidor discuss the various factors operating during the above 
process, and find that the molecular weights* of the acids were 
affected by the quantity of air blown through, and a secondary 
decomposition was produced if the air were blown through in too 
gi’eat a quantity, or for too^, extended a period. Of the v^irious 
catalysts used, ceria, fuller’s earth, and charcoal gave the best 
colour, but iron and manganese gave the best yields. 

Artificial Lubricating Oils. 

t Owing to the rapid increase of the use of internal coihbustion 
engiries, and the limited supplies of crude oils, some apprehension 
is f(dt that the day will dawn when the supplies of lubricating oils 
from natural sources will not meet the demands. This year may 
claim to have seen the first serious attempt to prepare petroleum 
products by artificial means, with a view to utilising the produpts 
industrially. -It is proposed by TctralnijGes.^^ to tr<®fit tetrahydro- 
naphthalene with aluminium chlotide at 100° C. and obtain there- 
from hydrocarbons, which are claimed to \)g of use as ivibricants. 
0. Weizmann and D. A. Legg“^ suggest preparing naphthenes by 
the pol 3 nnerising action of alumirdum chloride on the mixture of 
butylenes obtained' by the»dehydration of w-butyl alcohol. Under 

E.P. 142,507; J., 1921, 74a. 

CLP. 327,048; J., 1921, 227a. 

Ocs. Ahkandl Kemit. Kohle, 1919, 4, 35 ; J., 1921, 290a. 

Ibid., 1919, 4, 48 1921, 290a. 

CLP. 1133,158; J., 1921, 341a. 

E.P. 165,452; J., 1921,^ 675a. 
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the cVxTiditioits mentioned in the>original paper,, it is stated that 
practically quantitative yicids of naphthenes were obtained.^ 

K. Oda prepared a quantity of heavy oils by passing purified 
acetylene over a catalyst prepared by reducing a mi^wturc? of nickel 
and mercury oxides in a current of hydrogen. A. Mail];je obtained 
a yield of light olefinic and paraffinic oils by passing rape oil over a 
copp^^r and aluminium catalyst at 550'’-'650° C. 

The above record would be incomplete if no mention were made 
of the recent methods now employed in the preparation of paraffins 
by the hydrogenatiem of coal."® The liquefaction of coal by hydro- 
genating a proj)ortion of its constituents with the formation of 
liquid tars, oils, and valuable derivatives has attracted considerable 
attention, but little tangible success has yet been reached. Claims 
have been made in Germany on behalf of the Bergius process, but 
no definite scientific information is available. It is stated that 
coal is treated in suitable autoclaves at 400'" C. and at high pressures 
of hydrogen. (It will be remembered that Berthelot obtained an 
artificial petroleum by the action of hj^driodic acid upon coal in 
scaled tubes.) u " 

The first of a serjf^s of papers by F. Fischer and H. Schrader has 
recently appeared^’ in which the, liquefaction of coal by means of 
sodium formate i*® described. Thus/ if a Rhenish lignite be distilled 
dcstruptively about 7% of tar is obtained ; but if it be mixed with 
four times its wTight of sodium formate, the yield is 23%-27%, 
and even greater if the pressure of the gaseous decomposition 
products and the steam be kept constant. Thus, 45% of tar was 
obtained from a mixture of one part of lignite and two parts of 
sodium format:', and 48% from a mixture containing 1 part of 
the fueT’iand 8 parts of the salt. 'The increased production of 
liquid products is attributed to the influence of the nascent hj^dlogen 
formed on the decomposition of the formate used. Molecular 
hydrogen, as in the Bergius process, is stated to have very little 
effect. 

The experiments can scarcely be said to have progressed far, 
and it would he useless tq criticise the apparent impracticability 
of the process as it stands at the present moment. It is, however, 
probable ^hat more economical methods will be discovered which 
will lead to the same result, namely, the conversion of coal and 
peat substances into more valuable raw materials. Thus Fischer 
and Schrader have examined the action of carbon monoxide upon 
coal during distillation. In the presemre of Carbon monoxide at 

J. Ghem. Ind. Japan, 1921, 24, 1161 ; J.', 1921, 836a. 

Comptca rend., 1921, 173, 658; J., 1921, 803a. 

J., 1921, 445r. 

» Srennstoff-Ghem., 1921, 2, 161 ; J., 1921, 467a. 

28 Ibid., 1921, 2, 267 ; J., 1921, 683a. 
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ordinary pressure .little adv^-ntage results, but the use oi increased 
prcs«5ure and temperatures, such as 50 C., leads to abetter yield 
of tar 'ihan when hydpogen is used. The process, however, does not 
giv^e su(*h .succcssiuJ^ yields as when sodium formate is employed. 


Lubricating Oils. 

It is very gratifying to note that tliere is still considerable interest 
maintained regarding the causes of the lubricating qualities of 
lubricating oils. 

L. Arehbutt-” expresses the opinion that the measurement of 
viscosity should bo expressed in poises, as w as advocated more than 
20 years ago by Deek^y, and again by Deeley and Parr in 1913. 
More recently Bingham and Jackson, of the U.S. Bureau of Stan- 
dards, have proposed as unit the centiimise d(‘signated by the 
letters “ cp.” to avoid the us(' of an inconvcniiTitly large unit. The 
generally accepted value of the viscosity of water at 20° C. is 
()-01005 poise, and on the centi])oise scale this becomes 1*005, and 
at 20*2'' C., 1*000. Thf" viscosity of oils and other liquids, if ex- 
jiressed as centipoises, is therefore accurately stated in terms of 
the viscosity of v^ater at 20*2° 0. taken as imity. The general 
adoption of the unit would be very desiiuble, and in the following 
table the approximate viscosities arc given in ccutipoisiis of a few 
well-known lubiicating and other oils at different temperatures. 


Viscosity in Centipoises. 
Water at 20*2° C. = 1*000. 



20"C. 

4()°C. 

60"C. 

lOO^C. 

ou. 

(68"F,) 

(10i°F.) 

(I40”F.) 

..‘’(212°F 


30*0 

18*5 .. 

10-2 

4-6 

liape.^ 

88-3 

. 39-3 . . 

20-7 

8-3 

Castor 

— 

. 239-9 . . 

78-7 

.. 17-6 

Kerosono . . ^ . . 

14 







Transformer 

27 '5 







Typewriter . . 

28-9 

! 12*7 !! 

6-0 

. 

Manchosler spindle 

60-0 

. 23*0 . . 

10-9 

• • 3'g 

Pal(» machinery (900/7) .. 

90-G 

21-5 .. 

14- r 

4*i 

Globe . . ■ 

1301 

. 40-7 , . 

17-3 

5-2 

Bayonne 

167-6 

52-2 

21-1 

6-0 

Queen’s red (paratl. base) . . 

2130 

! 63-4 . . 

24-6 

6-7 

Altair (Texas) 

397*9 

. 89-1 . . 

*30-4 

7-1 

Price’s Motprino “ C ” 

— 

. 137*6 

50-5 

. . 13*2 

Mobiloil “ BB ” . . 

525-7 

. 127-3 . 

46-6 

.. 11-6 

Valvoline “ A A ” cylinder. . 

^ — 

. 236-9 . . 

88-3 

. . 20*4 

“ F.F.F. ” cylinder 

. — 

— 

116-5 

. . 24-5 

“ A ” cylinder 
“ S.H.S. ” cylinder. . 

— 

. — 

125-0 

. . 26-9 

— 

— 

184-0 ^ 

.. 37*1 


It would certainly be a great convenience to commerce were 
the ,above system adopted, and would obviate the confusion result- 

J., 1921, 287t. 
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ant /iscosities being cxpreSvied in different terms according 

to the instruments used, j 

Arclibutt recommends the use of the machine designed by J^eeley 
for testing the oiliness of a given lubricant, iji distinction to its 
viscosity. Its de^sign depends upon the fact that when two lubri- 
cated surfaces are at rest and in close contact, the static friction 
or force required to cause movement depends upon the relative 
slipperiness of ^hc surface. Some very valuable results have been 
obtained by its use, and the adoption of the machine for com- 
mercial puiposes is recommended. The views given upon liquid 
film and solid film deserve special attention. 

A. E. Dunstan and F. B. Thole have contributed a valuable 
paper on the chemical natures of mineral lubricating oils. The 
keynote of the paper is a discussion of the chemical constituents 
of lubricating oils. Tlic individual effects upon viscosities are 
discussed, and it is pointed out that an increase in viscosity occurs 
concurrently with a decrease in the hydrogen content, and that 
.lubricating oils which still contain a certain proportion of un- 
saturated hydrocarbons arc more viscous than the corresponding 
saturated oils. 

F. H. Garner discusses at some length the causes of carbon- 
isation of lubricating oils in internal combustion engines. He 
concludes that decomposition of oil in an engine can occur in two 
ways (1) Rapid carbonisation due to exposure of particles of the 
oil in the form of a fine spray or mist to the explosion flame, causing 
incomplete combustion of the oil. The result of such carbon- 
isation is the production of carbon and asphaltic material ; (2) 
gradual carboirisation of the thin oil film on the piston and cylinder 
heads at t3mperathres of 200°-400° C» giving first asphaltic material, 
which is changed to carbon by the prolonged action of thtsa tem- 
peratures. 

The writer would here di aw attention to the misuse of the word 
“ carbon ” as being descriptive of residue produced by the dccom- 
pos^ition of lubricating oils in cylinders. A more correct term 
would be “ asphaltum ” decomposition products. If an asphaltene 
soluble in carbon bisulphide be heated for a month', at as low a 
tempera+i^re as 110° C., it undergoes a moleculat rearrangement 
without changing weight. It is then found to be mainly insoluble 
in this solvent. It ernnot be celled carbon at this stage, however, 
for the bulk is stilf soluble in both chjoroform and pyridine, and 
it is only in extreme cases that the writer ha., found tone of these 
so-called carbon deposits to contain more than 10% of material 
insoluble in pyridine. For such substances as are insoluble in 
carbon bisulphide, but are asphaltic in nature, and which evolve 

J. Inst. Pet. Tech., 1921, 7, 417. 

Ibid., [mi, 7, .98 ; J., 1921, 138a. 
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hydrocarbon decomposition pr^ucts upon dry distlllatiui, the 
use of the word kerotene is suggested. 

Gi^ner reviews the method of de^rmining the asphaltic resin 
conterkt of liAriuating oils, and has adopted a process utilising the 
solectivei-bsorhent power of animal charcoal for these substances. In 
this respect* however, it is noteworthy that the American Society 
for T(’sting Materials have published in their report,®® their approved 
tentative method of determining the asphaltene content of a lubri- 
cating oil. In this method 10 c.c. of the oil to be tested is measured 
into each of two clean centrifuge tubes, and diluted to 100 c.c. 
with a light petroleum naphtha of sji. gr. 0-695-0-705, initial b.p. 
45^-55'' C., hnal b.p. 120*^ C. The tube is then shaken and whirled 
in a centrifuge at 1400-1500 revs, per minute for 10 minutes. The 
percentage of asphaltenes is read off in tlie graduated glass centri- 
fugal l)ulb. 

J. Marcusson ®^ confirms these views, naming the mixture of 
asphaltenes and kerotenes “ oilcoals.” He states that the deposits 
gciiierally consist of an oily portion soluble in benzene, a brittle 
aspliiJtic constituent insoluble in benzene, a coaly portion, and 
mineral ash. He also finds that the coaly portion, previously 
considered insoluble in organic solvents, is soluble in large excess 
of solv(‘nt. From the solution, products of oxidation of mineral 
oils carbenes ” or “ carboids ”) and asphaltogenic acids or their 
anhydrides were separated^, The cleposit from a hydrogen com- 
piessor consisted of 6% of oil soluble in benzene, 8% of black solid 
material (half saponifiable), soluble in chloroform, and 86% of 
material insoluble in chloroform. The theory advanced is that by 
previous long use of the oil, rcsinification and t}io formation of 
asphaltenes, carbenes, and a^^haltic acids has tt-ken pla(?o. 

Th c "(port of tile Lubricants and Lubrication Inquiry Committee ® ® 
gives some interesting data on the behaviour of various oils at high 




Pressure, 

Value in 

Temp., 



tons per sq. in. 

e.g.s. miits. 

"C. 

t^astor oil 

1-44 

227-5 

4()-2 



r>*49 

864-5, . . 

40-0 



7-39 B. 

1164-0^’ .. 

40-5 

,, 


. . Atmospheric . . 

1-94 


Mobiioil 

‘ BB ” (mineral) 

1-49 

227-5 

40 

J, 

4-51 

710-0 

39-8 



6-47 

1019-0 

40 

,, 

,, 

. . Atmoijphoric . . 

' „ 1-58 

40 

Bayonne 

(mineral) 

1 

157-5 

39-9 


4 

630-(» 

40 



8 

1260-0 

40 



. . Atmospheric . . 

0-49 

40 


Min. and Aid., No. 1G3, July, 1920. 

Serial Designation D., 91-21t. 

Brennstqff-Chem., 1921, 2, 103 ; J., 1921, 289a. 

Dept, of Sei. and Iiid. Research, 1920, p.^80 ; J., 1921, 3Ua. 
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pressui^. An apparatus for dctcrminingr absolute viscosities undei 
high pressures is described, jdllustrations of the arrangements o; 
the heating walls etc. being given. All theooil?. tested showed 
rapid rise in viscosity with pressure. * * <■ 

^ The densities of oils under pressure were determined by com- 
pressing them in a steel cylinder. The densities at C. under 
pressure are given in th('. following table : 

PreKHurc. 

Tons, por sq. in. ('astor oil. S]>orni oil 
0 .. .. 0-9415 .. 0-800 

4 . . . . 0-9805 . . 0-806 

8 .. .. OOOO;") .. 0-910.1 

10 .. .. 1-001 

Tests of the absolute viscosities of rape, sperm, and h'FF cylinder 
oils at high pressure shoi. ed that th(^ b(‘haviour of rape and sperm 
oils is similar to that of castor oil, and that the mineral oil resembled 
Mobiloil and Bayonne lubricating oil. 

The importance of th(i estimation of the asphaltenes is emphasised 
by Garner, who found that the fQrmation of cvjbon in petrol eijgines 
accompanied the irrescnce of asphaltenes in lubricating oil. ()n the 
other hand, there is bio doubt that for conditions such as those of 
the lubrication of a plain b, fearing, vhere heat stresses arc not sevens 
and under conditifnis in which ihv. oil is not particularly exposed 
to oxidation, the asphaltic oils give excellent service. The low 
cold test of good quality asphaltic oils renders them particularly 
suitable for lubricating purposes where low temperatures may be 
encountered. 

, Gasoline Recovery. 

V, ( ( 

A large ^ount of work has been calried out in the p.bovc respect, 
by W. P. Dykema and R. 0. Ncal,^® who state that the absdririion 
method of recovering gasoline is more efficient than compression 
and is applicable to ric*h gas (2-6 galls, of gasoline, per 100 cub. ft.) 
or to residual lean gases from compression plant. Using naphtha 
as aJ'^sorbent, a plant to handle 500,000 cub. ft. can be installed 
for less than $1000. Details ‘are given of satisfactory, units, rates 
of flow, etc., and the recovery of gasoline from the absorbent by 
distillatioirr* Pbrtajble testing apparatus for determining the 
gasoline content of natural gas is also described. 

F. Bordas describes modifica’tions of current tests to distin- 
guish between bjended gasoline and stratght-run petrol, owing to 
the increased fire risk ahd heavy residue off the former. 

G. A. Burrell, G. G. Oberfell, and C. L. Voress®® describe the 
absorption of gasoline by the activated charcoal process and its 

U.S. Bitrmh of MineSy Tech. Paper 232, 1920 ; J., 1921, 35 a. 

.47in. Falsif.j I920 , 13, 539 ; J., 1921, 138a. 

Chem. db Met. Eng., 1921, 24, 156 ; J., 1921, 206a. 


Mobiloil 


Cylintlor oil. (B.B.). 

0-877 . . 0-899 

0-904 . . 0-920 

0-926 . . 0-949 
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liberation by means of superhcaflfed steam, which expels fhe absorbed 
licpiid contents. ^ Coconut shell charcoal in granules irom 8- to 14- 
mesliand whiclf haif been activated by tlie steam activation process 
is best. ^ The (’ha^coal exhibits selective absorption, ethane, pro- 
pane, ami l^utane being absorbed first and th(*n replaced by heavier 
fractions. This fact makes it possible to vary the quality of the 
product by r(‘gulating the extent of the absorption. Qji first 
coming in contact with the (;harcoal the gas causes a rise in tem- 
perature owing to the liberation of the latent heat of the condensed 
vapours, but after a few minut<‘s the rise ceases, the heat being used 
to vaporise lighter fiactions previously (ioiuh^nscd. A gas rich in 
gasoline may cause a rise in temperature to 00° C. The efficiency 
of the absorption is influenced by the tempeiature of the inflowing 
gas. i^t 10° C. there is 100% absorption, but the efficiency falls 
constantly v ith rise of ti'mpcrature. At 500° C. there is no absorp- 
tion at all. The rate depends on the richness of the gas. A gas 
giving 400 gallons of gasoline per 1,000,000 cub. ft. may be passed 
at the. rate of 40 cub. ft. j)er hour per sq. in. of base surface in 
5ft. <?olumn of^charcdal. After aBsoi-ption is complete it is neces- 
sary to heat to 200° 0. to expel the heavy fractions, and the steam 
employed is heated to 250° (i or higher. The vapour is preferably 
passed through two condensers*' in series, the fij’st condcuising the 
major portion of the steam just below 100° C. ; in the second 
cooling water at 15° C. is mied to cpmi)lete condensation. * An oil 
plant and a charcoal on the same gas on the same day gave 125 
and 203 gallons of gasoline per 1,000,000 cub. ft. respectively. 

The question of the determination of sulphur in light petroleum 
products ha^ |ittractcd a noticeable amount of fi.ttcntion during 
.the last yea^. Esling •describes a modification of 'the lamp 
methofi and advo’cates particularly care in the selection and the 
])rcparation of the wicks, S. Bowman emphasises at some length 
the disadvantage's of the bomb for the estimation of sulphur in 
petrols and describes a lamp method for this purpose. J. S. Jackson 
and A*. W. Richardson describe a new form of lamp in wj;iich 
the cotton Y'ick is replaced by a btiq-dle of capiliArics, sufficient 
air being injected into the apparatus to enable undiluted spirit to 
be burnt with a non-luminous flame. Tljis method olrviates one 
of the undesirable points of the lamp method, as the petrol is not 
fractionated by capillary action «.r possible selective absorption by 
the wick. The advantages claimed are : (a) Thp capillaries can 
('asily be taken ofit and washed and any sulphur held thereon 
oxidised and included in the estimation. Experiments have 
shown, however, that tile quantities so obtained w^cre negligible ; 

J. Inst. Pet. Techy 1921, 7, 83 ; J., 1921, 500a. 
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(6) the flame is hotter, and therefore the probability of complete 
combustion it greater. In ■ iew of the difficulty of getting glass 
which will withstand the heat of this flame, it Is suggested thdt the 
top of the tube be protected by a silica jet ; (c) much largci quan- 
tities of spirit can be burnt in a comparatively short time, thus 
assuring greater accuracy. 
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flOLOURlNG MAtTEIlS AND DYES. 

By F. W. Atack, M.Sc. Toch., B.Sc. (Mane.), B.Sc. (Lend.), FJ.C. 

The year under review has seen disaster approacliing in the colour 
industry of many counti’ics. The industrial slump, leading to a 
tremendous decline in the consumption of dyes throughout the 
world, has been coupled with a financifil stringency which has 
necessitated the abandonment by most firms of their research 
programmes. This has led to a wholesale seduction in the numbers 
of research and other chemists, up to a point at which it is doubtful 
whether the colour industry in England is fulfilling its duty, as a 
so-called “ key ” industry, to maintain ready for emergencies an 
adequate supply of wgll-trained chemists, in return for a Govern- • 
ment subsidy. * 

The attempt of the various concerns not only to supply national 
demands, but also to provide m export trade, ^ has led to over- 
production throughout the world until tfie supplies.* available from 
plants erected would be sufficient at least three-fold for the world’s 
normal annual consumption. ^ • 

Outside Germany and Switzerland, no really satisfactory progress 
has been made in the production of vat dyes, and such progress as 
is to be recorded is mainly along the lines of familiar pre-war German 
colours. It is ijlear that immediate coramercial.,and not ultimate 
national inter «sts £y|e predominant in the control of the* chemists’ 
efforts. No fundamental research of importance is in progress 
with a view to the production of new colours, and it is now clear 
that the funqs provided by the Government} for research in the 
dye industry have been used mainly for so-called “ research ” — 
actually obtaining once again the “dye secrets” — Reading to^bhe 
production cf well-known colours under various ilew and novel 
pseudonyms. * * 

It is unfortunate that this state of affairs was,not*foivBeen, and 
the publi^ money used in the establishment of a Dyestuffs Research 
Association under the Department of Scientific and Industrial 
Research, as free as possible from trade jealousy apd interference, 
to conducrtundamental Research along the* many lines still open 
for investigation. , , 

Much has been written of the strong position of the German dye 
firms, but it is questionable whether the temporary advantage 

* ^ See Chairman’s Address, British Dyestuffa Corporation ; J., 1921, 133 r. 

» H. E. Fierz, J., 1921, ’365 e. 
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they possftss of having written off their plant — liable to depreciate 
so rapidly — could not be m<'^t on a more permanent basis by a more 
careful enquiry into the possibilities of obtaining cheap'ir raw 
materials for the industry within the Empire. Ereer CQ-operation 
between tar distillers and colour makers is obviously essential, but 
many of the former consider they have not been treated fairly 
during the war })eriod in regard to estimates of probable require- 
ments, which were generally exaggerated by the colour makers.. 

A valuable general review of the modern dyestuff industry has 
recently been given by a recognised Swiss authority,* in which 
the economic situation and future development of the industry are 
discussed at length. It is stated that the general expenses in the 
United States arc at least five times as great as in Switzerland. 
The conditions for a successful colour industry arc (;ons<dcrcd to 
be maintenance of pre-war standards and unceasing progress. 
Staple dyes may not survive serious competition ; thus indigo is 
meeting strong competition from Eydron Blue, fast blues, and 
sulphide dyes ; alizarin cannot enlarge its field, as strong 
competitors are appearing ; and the tendency t^> use better and 
more expensive dyes, which originated in England, will eventually 
eliminate many of the well-lmown cheap dyes. In this connexion 
it may be added that the frank collaboration of a dyer, with a 
satisfactory knowledge of actual requirements and not only past 
demand of known colours, and the a^^tual colour chemist in charge 
is essential for further progress. 

The future progress of the dyestuff industry depends largely on 
tariff questions, a satisfactory tariff making financial interests 
prepared to advance funds for development work and research. 

In England, vital and possibly ineparablc damage was done to 
the dye industry by the failure of the Government to bring into 
operation at an earlier date the Dyestuffs (Import Rcgulction) 
Act, 1920, and, apart from reparation dyes, large stocks of German 
colours were rushed into the country after the Sankey judgment — 
stocks which will last for some considerable time even when con- 
sumption bee mes normal The unfortunate dual position of the 
Chairman of the Calico Printers’ Associa-tion as such, and as Acting- 
Chairmai. of the British Alizarine Co., Ltd., might have been 
brought into prominence, and his speech at the general meeting 
of the Calico Printeis’ Association* has led to several protests, 
including an important statement by the members of the Dyestuff 
Group of the Association of British Chemical Manufacturers. 

The suggestion that the British Dyestuffs Corporation, Ltd., had 
been over-capitalised was not considered correct in the Majority 

■*. H. E. Fierz, British Association (Section B), 1921 ; 19*^1. 364r. 

* J., 1921, 354r. 

* J., 1921, 366r. 
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Report of the Sub-Committc« on Ijycs and Dyestuffs of the Standing 
Committee on Trusts.® 

In Fftince, grpat*progress was reported from the extensions carried 
out at Sli. Denis during the year 1919.’ 

In the fJnifced States it is repc'rted® that in the year 1919-20 
Switzerland replaced Cermany as the chief source of imported 
colours, and that American makers can now supply certain alizarin 
colours. 

On the occasion of the recent visit of the Society to the United 
States, it was a matter of frec^uent comment that the American 
(hemical Society, as a united body repres(;nting both chemical 
science and industry, was able to bring considerable influence to 
bear on the Government authorities in matttTS such as the dye 
industry,'* and this is assisted by their admh’able publicity system. 
So far, however, only pi'ovisional methods of protection have been 
granted to the industry. One of the main difficulties experienced 
by Ihe colour industry is obtaining a supply of anthracene for the 
production of vat colouijs, as there is^a lack of demand for the hard 
pitch which remffins after the antliracene has been removed from 
the tar ; it is, however, anticipated that the production of anthra- 
cene and anthraquinone will soon lie sufficiejit for all requirements,*^ 
th(‘ Thatcher electrochemical process being used foi^tlfe oxidation.^® 
The German chemical indq^stry has been recovering from the 
series of crises arising out of the post-war political condition and 
the exchange's*^ ; the temporary difficulties connected with the fuel 
su])})ly have been largely overcome.*** The future is regarded with 
anxiety owing to the difficulty of selling in foreign markets on 
accenmt of thc^ Ifcavy import (|utics and the practical prohibition 
of im])oi;J;ation ‘by kJhgland and America.*® 

The Swiss dye industry v as handicapped at one time by the high 
^■alueT)f their cqrrenc}^ ; a factory has been purchased at Cincinnati, 
V.S.A., by the 'eontt.'olling interests in Basle.*® 

In Japan, due to a lack of technical skill and of a home supply ^f 
mtei'mediatesfordyc; production, it is state^d that the industry cannot 
compete with tlerraan or American manufacturers, even with the 

« Cmd. 1370 ; J., 1921, 255r. 

' J., 1921, 12r. 

« lid. of Trade 9, 1920 ; J* 1921, 31r. 

® Cf. J., 1921, 31r, 292k. 

J., 1921*328r. • 

** J., 1921, 292r. ■ 

Chem.-Zeit., Jan. 1, 192f ; J., 1921, 51xv. 

“Report on tho Industrial and Economic Situation in Germany in 
Remnber, iq20” ; J., 1921, 53r. 

*' J., 1921, 294a. 

*** Z, angew. Chem.j Feb. 18, 1921 ; «/., y)2l, 130 b. 
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expected*" 35% import duty'®; and imports- of European and 
American dyestuffs inci;ea/^d considerably.'’ The suggested amal- 
gamation of dye makers did not materialise, aftd the view is ejipressed 
that some of them only desired it in order to avoid liquidation.'® 
It was reported that the Government intend to agjsist’ the Japan 
Bye Manufacturing Co., and considerable progress has been made 
in the production of the chemicals required in making dyes, but the 
market is overstocked by the excessive imports, in anticipation of 
the import duty, during 1920.'® 

In Spain, apart from the simpler colours, recent attempts to 
establish a colour industry are stated to have been unsuccessful.*® 

In Italy, a crisis in the colour industry has been caused by the 
total lack of protective duties and the sale of German reparation 
dyes at cheap rates ; the consumption of fast cotton cplours and 
vat dyes, such as indigo and indanthrene, is only small, but it has 
been announced that these colours are now being made by the 
Italica and Bonclli companies.*' 

Intekmediates ov the Aliphatic Sehies. 

Recent developments in the manufacture of synthetic acetic 
acid ** are of considerable interest to the colour industry, as apart 
from its use as juch, cheap acetic' acid would be of great value as a 
solvent in many reactions, and also for recrystallisations. The 
oxidation of acetaldehyde" to acetic acid has ' been effected by 
treatment with air or oxygen in presence of kicselguhr.*® 

The use of diethyl sulphate in place of the low-boiling ethyl 
chloride would be preferable for many ethylations for dyestuff 
intermediates, '^nd further advances towards p cheap technical 
method' of manufacture have beSn recorded ; thus, on passing 
ethylene in large excess, alone or mixed with an inert gas, into 
sulphuric acid of about 100% content, or into a solution of ethyl 
hydrogen sulphate in sulphuric acid, at about 75° C., diethyl 
sulphate is formed, and may be isolated by extraction, for example, 
r ith benzene or ligroin, or the reaction mixture may be used as an 
ethylating ^ent without further treatment.*' A^ further patent 
claims the preparation of dialkyl sulphates by the direct action of 
sulphur^ trioxide on ejiphatic alcohols in presence of dehydrating 

U.S. Com. Nov. 23, 19^0 ; J., 1921, 32 r. 

Z. angew. Ch&t.i., Deo. 24, 1920 ; J., 1921, 32b 

Chem. ItA., March 28, 1921 ; J., lOSTl, 157b. 

1* V.S. Com. "April 30, 1921 ; J., M21, 23 Sr. 

*® Z. anaew. Chem.t Nov. 26, 1920 ; J., 1921, 60r. 

” Qiom. Chim. Ind. App.^ April, 1921 ; J., 1921, 236 r. 

**- J., 1921, 345b. 

*• Farbenfabr. vorm. F. Bayer & Co., G.P. 299,782 ; J., 1921, 717a. 

*' N. V. Sidgwick, S. G. Preston, and A. Boake, Roberts & Co., Ltd.i 
E.p. 167,678; J., 1921, 196a. 
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agents, such as phosphorus pe^^toxiite or anhydrous sodium Sulphate 
or copper sulphate, and in the presence 0 :^ aj^sence of inert diluents, 
such as «^iloroform,*carhon tetrachloride, and the like.^® 

Neutral alkyl *sul|5hg.tes are obtained by distillation in vacuo of 
alkylsulphumc ^ids in presence of compounds capable of combining 
with the sulphuric acid formed, e.g., anhydrous sodium sulphate.^* 

A general method for the preparation of amines from aldehydes 
or ketones is to dissolve the latter in the requisite amount of an 
8% solution of ammonia in absolute alcohol, add finely-divided 
nickel as a catalyst, and then shake the mixture in hydrogen at 
the ordinary temperature and pressure until absorption of 
hydrogen ceases, when the amine is isolated in the usual manner.^^^ 

iKTERMEpiATES OF THE BeNZENE AND NAPHTHALENE SERIES. 

Benzoic acid free from chlorine has been synthesised from benzene 
bv converting sodium benzenesulphonate into benzonitrile (yield 
43%) by means of sodium cyanide, followed by hydrolysis with 
sulphuric*acid (sp. gr. 1-6), giving a ^5% yield (on benzonitrile) 
of iwactieally pure"* benzoic acid.‘^® 

Ai omatic acid chlorides are obtained in good yiefd by heating the 
<'uri’esponding trichloride (1 mol.) wifh water ^1 mol.) in the presence 
of sulphuric acid and ferric chloride as catalysts ; *thtis benzotri- 
chloridc yields benzoyl chloride, and similarly 2.4-dichlorobenioyl 
chloride may bo obtained.^® 

Aromaticj alkylsulphonamides are obtained by the action of 
aromatic sulphonic chlorides on alkylamine salts in presence of an 
acid-neutralising agent such as sodium carbonate ; for example, 
an almost theortittcal yield of , monomethylxylenJsulphoijamide 
is produce/l frofti xjlenesulphonic chloride and methylamine 
hydrochloride.®® 

The \^ew expressed. by Bucherer that the reactivity of naphthols 
\cith bisulphite is dMe to the intermediate formation of highly 
reactive n^hthyl sulphites is not considered to be in harmony with 
the established properties of these substances ; it is now assumed 
that the naphthoffe react in the tautomeric ketonic form, t£e products 
facing normal additive compounds. Thus hydroxy naphthoic acid 
^’^d bisulphite react with flw-methylphcnylhydrazitie in exactly 

L. LUienfeld, E.P. 143,260 ; J., 192r, 322 a. 

E. Kuh, E.P. 149,b'88 ; J., >921, 661a. 

B. MignonStj, Comptts rend.% 1921, 172, 223 ; i/., 1921, 194 a. 

H. H. McKee and F. A. Strauss, Ghem. and Met. Eng.^ 1921, 24, 638, 
^^‘‘>7;./., 1921,410a. * • 

Badische Anilin und Soda-Fabrik, G.P. 331,696 ; J., 1921, 323a. 

British Cellulose and Chemical Mfg. Co., Ltd., W. Badei', and D. A. 
^‘ghtingale, E.P. 167,941 ; J., 1921, 749a. 

B. Friedlander, Ben, 1921', 54, 620 ; J., 1921, 340a. 
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the same manner as with phenylhydrazino, ‘yielding N-methyl- 
naphthophfenocarbazole 

I i ' : , 

c,„h.-n((;h,)-o.h, . 

a reaction which is not possible if Bucherer’s views /ire'correct. 

“ SnJpJiomlion. 

Contrary t’o tlu' results of J. N. Ray and M. L. Boy, the sulphona- 
tioii of benzoic acid in presence or absence of iodine only yields 
1% of o-sulphobenzoie acid, and in the sulphonation of catechol 
the 3-suli)honic acid and not the 4-isomcride is ])roduced.®^ The 
sulphonation of toluene with chlorosulphonic acid leads to thcjH’oduc- 
tion of mainly o- and p-toluenesulj)honic acids at low temperatures ; 
at 0“ C. and higher tcinperatures o- and p-toluenesulphordc chlorides 
predominate.'*'^ 

Sulphonic acids of monoarylaminoquinones are obtained by th(^ 
interaction of 2 mols. of a (juinone and 1 mol. of an aminoaryl- 
sulphonic acid {e.g., sodiuip sulphanilate) in alcoholic solution ; 
the j)roducts serve as dyes, or for the production of mixed diaryl- 
diaminoquinones, cither as such or on the fibre. 

l-Mcthyl-2-amino-4-iso]:)ropylbenzene-5-sulphonic acid is obtained 
by heating aminocymene with b8% sulphuric acid.'*** 

The exhaustive sulphonation of naphthalene, according to the 
results of Armstrong and Wynne, could only lead to tw'o products, 
the 1.3.()-tri- and the 1 .3.5.7-tetra-sulphonic acids ; the statement'*^ 
that these two acids are accompanied by Senhofer's totrasulphonic 
acid'*® could not be confirmed. Losses in the manufacture of H-acid 
are attributed to the formation of the tetrasulphonic acid and 
destructive oxidation ; in addition small propoi^tions of the 2.7- 
and 1.6-disulphonic acids are formed, w'hich are only further^ulphon- 
ated with difficulty to the 1 .3.(i-trisulphonic acid.'*® 

The sc^paration of 1.4.8- and 1.3.8-na])hthyf^minedisulphonic 
acids from the crude mixture obtainetl as described in E. P. 4265 
’‘bf 1888 h 4 'iS been effected by taking advantage of the differences 
in the solubiUty of theiv barium salts. The product obtained by 
sulphonating y3-naphthylamine with 1)4% sulphuric acid contains 

M J., 1921,^0a. ' 

33 V. Auger and ,]yi. Vary, Coi^iptes rend., 1921, 173 , 239 ; «/., 1921, 618a. 

3* L. Harding,-C'/tcm. Soc. Tram., 1921, 119 , 1?61 ; J., 1921, 715a. 

33 M. Be^ke and W. and H. Suida, G.T. 326,511 ; J., 1921, 174a. 

3« C. E. Andrews, and The Selden Co.J'U.S.P." 1,314,92^ ; J., 1921, 323a, 

3’ G.P, 79,054. 

33 Monatsh., 1882, 3 , 112. 

3» ,H. E. Fierz and F. Schmid, Helv, Chim. Acta, 1921, 4 , 381 ; J., 1921, 
380a. 

South IVtetropolitan Gas Co., and H. J^tanier, E.P. 161,859 ; J., 1921 

4,28a. 
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35% of the 8- anc> 65% of4-he ^-sulphonic acids, togetTier with 
the 6- and 7-isomcrides ; the mixed sodiuiji salts arc treated with 
the corr^t amoiyit of sulphuric acid to precipitate all the 8-sulphonic 
acid in a practically pure condition ; the 5-sulphonic acid is also 
()})tainable f)ui^^ in this manner, an^ may be readily isomorised to 
give the 6- and 7-sulphonic acids. 

Methods have been devised for the volumetric estimation of 
aininonaphtholmono- and di-sul 2 )honic acids by titration >\’ith 
diazo-compounds under suitable conditions. 

A method for the detection of na2)hthalene-2.7- and -1.6-disul> 
])honic a(dds has been described, based on the j)re 2 )aration of their 
acetone-insoluble yS-naphthylamine salts. 

Alkali Fusmis. 

A methotl of conductiiig fusions with moUen caustic alkalis has 
betai described in which a hot concentrated solution of a sulphonate, 
c.f/., sodium benzenesulphonate, is introduced slowly on to the 
surface of the molten alkali. 

l^ipluu^d oxide is ])rej>a 4 *ed b}' heating an excess of sodium benzene- 
sul[)honate with sbdiurn hydroxide, when the sodium phenoxide 
hist produced combines with the excess of sotfium benzenesul- 
jhoiiate.^'’ 

l^itro-cmlqminds. 

A continuous 2 :>rocess for the nitration of benzene with nitric 
acid in jiresence of a mercury compoifnd has been claimed, the 
co(»led liquid being filtered and returned to the nitrator."*® 

Th(‘ nitration of phenol to picric acid has been investigated, the 
b('st results being obtained by sulphonating almost to the disulphon- 
at(‘ stage and then nitrating at about Ck • In the jnanu- 

factujc of^ ])icrico aci(fl it is proposed to nitrate the suljjfionated 
]»h(mol IjcIow 70® (k to the raononitro derivative by means of a 
flight Excess of nitric acid ; further nitration is effected above 
70 ‘"(* 4« qk'initj^resorcinol has been obtained by nitrating resor- 
cinoldisulphonic acid, suspended in concentrated sulphuric acid, 
with 90 — 100% nitric acid.'** , 

ddic formation of 2.3.6-trinitrotoJuene ^las been cifhsidercd to 

ec{!ur in the dh’ec+ nitration of toluene,*'® but the com 2 )ound formed 

• 

(J. R. Levi, Oiorn. Chim. Ind. Appl, 1921, 3 , ^7 ; J.f 1921, r>03A. 

(5. R. Ijevi, Giom. Chim. Ind. Appl^, 1921, 3, 29J ; J., 1921, 68(}a. 

« J. A. Ambler, J. M. Emj. Chem., 1920, 12 , 1194 ;• J., 1921, 40a. Sec 
(iltio (\ K van Dgin, Rec. '^rav. Cfvim.j 1921, 40 , 99 ; 1921, 41 3a. 

** B. D. Steele and R. B. Refbertson, R.P. 156,269* ; J., 1921, 142 a. 

J. M. Johlin and Semet-Spivay Co., U.S.P. 1,372,434 ; 341a. 

** T. J, Brewster, U.S.P. 1,380,185 ; J., 1921, 638a. 

" F. O. Rice, J. Amer. Chem. Soc., 1920, 42 , 2665 ; J., 1921, IOOa. 

** T. J. Rjewster, U.S.P. 1,380,186 ; J., 19*21, 538a. 

W. Friedrich, E.P. 162,578 ; J., 1921, 463a. 

R. B. Drew, CV^eyi. Soc, Trans., 1920, X17, 1615 ; J., 1921, 100a. 
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has in a later publication been considered as ‘more probably the 

2.3.4- comp6und.*^ « f ^ ^ 

2-Chloro-4.6-dinitrotolucnc, produced in the nitration o^^-chloro- 

4-nitrotolucne,®2 has now been obtained to a similar cixtent in the 
nitration of 2-dhloro-6-nitrotol'icne.'^‘' 

o-Nitroanisole is conveniently prepared by adding potassium 
carbonate and an aqueous suspension of slaked lime to a solution of 
o-nitrochlorobenzene in methyl alcohol, and refluxing with stirring ; 
this method for the continuous generation of caustic alkali is 
applicable to other condensations involving the elimination of 
halogen acids in which the presence of an excess of caustic alkali is 
undesirable 

^-Nitrotoluene-o-sulphonic acid is isolated as the sodium salt 
from the mixture resulting from the nitration at 4()°-'f)0° of the 
product obtained by sulphonating p-cymene.'^'' 

An interesting development which may lead eventually to a new 
method for tlie manufacture of ^-naphthylamine is disclosed in a 
nu^thod for the manufacture^.of )9-nitron^phthalene, whi(;li cannot 
be obtained by direct nitration ; a mixture ^f mononitrotetra- 
hydronaphthalenes'’® is fractionally distilled and the ^-nitrotetra- 
hydronaphthalene separat-ed from the first fraction by freezing is 
dibrominated ; - on subsequent distillation in vaevo, /9-nitronaph- 
thalene is produced.®’ 

Nitro derivatives of ph^nazonium are readily obtained by the 
action of ferric chloride or concentrated nitric; acid on the nitro 
derivatives of alph3d- or aryl-dihydrophenazines ; C(;rtain nitro 
derivatives of alkl>'dihydrophenazines are prepared from mono- 
alky lafod o-diamines and picr^d chloride or in some cases 2.0- 
dinitrochlorobenzcne, but ring closure has not been effected with 

2 .4- dinitrochlorobenzene . ® ® 

The properties of nitroamines and their derivatives have been 
reviewed. Nitrogen analogues of Stilbene Yellgw and Mikado 
Orange may be prepared from ^-nitroaniline by similar condensa- 
tions to tljose which occur in the stilbene series. Oxidation of 
o-nitroaniliijfe in alcoholic solution with neutral sodkim hypochlorite 
yields 2.2'-dinitroazobcnzenc, whereas in presence of alkalis a 
quantitative yipld of bcnziso-oxadiazolc oxide is obtained ; the 

M. Giaa, Oazz. ^him. Ital, Js921, 51 . IL, li:i ; J., 1921,718a. 

“ J., 1920, 623X. ^ 

G. T. Morgan L. A. Jones, Chem. Soc ^ Trans. ^ 119 , 187 ; 

J., 1921, 210a. * 

' A. V. Blom, E.P. 107,582 ; 1921, 717a. 

« W. Osakeyhtio, G.P. 327,051 ; J., 1921, 173a. 

« G.P. 299,014 : J., 1920, 174a. 

Tetralin G.m.b.H., G.P. 332,593 ; J., 1921, 381a. 

F. Kehrraaim and J. Effront, Helv. Ghim. Acta, 1921, 4 , 517 ; J,, 

laai fifiOA 
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dinitro-derivative ©f the latter yields a brown sulphide &ye, thus 
suggesting an outlet, for o-nitroaniline.®*^ 

The fSolour reactions* of a number of nitro-compounds in alcohol 
or accto&e solution \idth dilute caustic soda have been tabulated, 
but it is ddub^iful whether the imparities present in most technical 
products would not mask these reactions.*® 

The estimation of nitrogen in nitronaphthalenes has been investi- 
gated, and a modification of the Dumas method devised to give 
accurate results ; a Kjeldahl method described gives low results, 
the deficit increasing regularly with nitrogen content in accordance 
with a graph given. *^ It may be added that nitro-compounds of 
the anthraquinone series generally give quantitative results by the 
Kj(ddahl method, using additions of potassium sulphate and copper 
sulphate. , 

It is a matter of general interest that in a laboratory investigation 
into the cause 0 an explosion on a nitration plant, it was found that 
the presence of lubricating oil in a nitration mixture accelerates the 
rate of decomposition by acid of the nitro product, e.g.^ dinitro- 

toluene.^2 ^ 

The importance of a knowledge of the influciK^ of intermediates 
on chemical workers cannot be^ over-emphasised ; the nature, 
diagnosis, and prevention of TNT poisonihg has beqn the subject 
of a very detailed report of which the contents should be noted by 
all manufacturers of nitro-confpounds.l® 

Aromatic Amines. 

An almost theoretical yield of aniline has been obtained by 
])assing nitrobenzene vapour mixed with hydrogen over heated 
fused copper ©xfde ; water-gas or an alcohol, such* as secondary 
butyl alqphol, cipabll of being dehydrogenated under the conditions 
of the reaction, may be used in place of hydrogen.®* A catalytic 
methdd for the reduction of, for example, nitrobenzene, consists 
in adding a sm^ll amount of palladium or platinum chloride together 
with thq calculated amount of calcium hydride.*® 

The electrolytic reduction of nitrobenzene to ^-anjinophenol^is 
carried out in* 90-91% sulphuric e-cid uijing platinufh electrodes; 
a yield of 40-50% is claimed.** 

F. M. Rowe, J. Soc. Dyers and Gol„ 1921, 8t, 145 f J., 1921, 428a. 

O. Rudolph, Z. anal Chem., 192^. 60, 639 ; J^, 1921, 729a. 

P. H. M.-P. Brijiton, F. M. Schertz, W. G. Croclietb, aiid P. P. Merkel, 

J. Ind. Eng. Chem., 1921, 13, 6^6 ; J., 1921, 652a, • 

“ S. Bro^, Chem. Trade W., 1920, 67, 673 ; J.,*1921, 28a. 

** C. Voegtlin, C. W. Hooper, and J. M. Johnson, Hygier^ic Lab., U.S. 
Public Health Series, Bull 126, 1920, 7 ; J., 1921, 413a. 

** D. A. Legg and M. A. Adam, E.P. 166,283 ; J., 1921, 619a. 

J. Niridre, Bull Soc. Chim., 1921, 29, 217 ; J., 1921, 409a. 

*® A. S. McDaniel, L. Sghneider, and A. Ballard, Trans. Amer. Electro- 
chem. Soc., 1921, 319 ^ J., 1921, 410a. 
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The reauction of aromatic nitro compounds containing at least 
one substituent other thai^ the nitro group, apcl of nitroso or azo 
compounds, is elTectcd rapidly by means of* cast-iron borii^gs and 
an aqueous solution of a chloride.®* ^ ^ * . * 

Aromatic azo-compounds and pitro-compounds have bebn reduced 
to amines by the action of a relatively largi* amount of iron tilings 
in presence of water and an amount of sulphur dioxide considerably 
less than w'ouid be required to generate sutheiemt h}^drosulphite 
to effect the reduction ; for example, a total yield of ^>-aminophenol 
amounting to about 80% of the theoretical is obtained by reduction 
of p-nitrophenol, and 2.4-diaminophenol has been produ(!ed from 
dinitrophenol, o- and p-phenylenediamines from the nitranilines, 
and anthranilic acid from o-nitrobenzoie acid.®® A similar method 
for the technical reduction of picric acid to picramic t«3id®® has 
been found preferable to the usual sulphide process ; picric acid 
cannot be reduced directly to triaminophenol with iiifen and hydro- 
chloric acid, but picramic acid is readily reduced by this process 
in a similar manner to that us(^d for the production of 2.4-diamino- 
phenol hydrochloride,’® and the use of triaminoplr/nol for Suljdiide 
Blacks, Nigrosines and azo dyes is suggest(‘d.’^ 

The reduction of .symra. -trinitrobenzene to l-nitro-3.5-phenylcne- 
diamine instead of dinitroaniline in aqueous or dilute alcoholic 
solution by means of ammonium sulphide has been shown to be 
intimately connected with the formation of addition products of 
the 51/mm. -trinitrobenzene with 2 mols. of ammonia; similarly 
2.4.6-trinitroi)henol gives 2.G-diamino-4-nitrophcnol, and in 2.4- 
dinitrobenzoic acid the p-nitro group, which exerts the strongest 
action ip forrUirg abnormal salts, is reduced Trinitrotoluene 
is reduced in acetic acid solution by means of iron aied hydrochloric 
acid to 6-nitro-2.4-diaminotoluene, which is extracted by means 
of benzene.’® Reduction by means of iron and hydrochloric acid 
to triaminotoluene is improved by using only a> sm/’.ll quantity of 
hydrochloric acid, as in the technical reduction of nitrobenzene ; 
tri.^minotolu^ne finds application as a dye for cotton, wool, and 
silk.’* ‘ , ‘ 

Reduction of 2-chloro-4.6-dinitrotoluene with alcoholic stannous 
chloride gives d chloTO-2.4-toluylenediamine, which yields azo- 

«’ T. S. Moore, E.P. "155,1 39 ; 1921, 75 a. 

T. S. Moore, E.P. 165,838 ; J., 1921, G53 a. 

«* G.P. 289,454; J.,‘'19i6, 415. 

’® G.P. 209,542 ; J., 1914, 240. 

H. Pomeranz, Chem.-ZeiL, 1921, 45, 866 ; J,, 1921, 68Ca. 

A. Korezynski and 8. Piasecki, Chvm. Zmir.y 1921, 92, I., 806 ; J., 
1921, 462a. ’ • 

• ’3 E. Bielouss, E.P. 137, ,529 ; /., 1921, 538a. 

E Bielouss, E.P. 100,934 ; J., 1921, 088a![ 
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and disazo-dcrivatives of tbe Chiysoidine scries/^ similar to those 
obtained from 2-cbloro-4.5-toluylenedi^^lnj^K^"‘‘ 

Recfttction of hitr^benzene in aqueous emulsion by means of 
alkali stilphide gives a yield of 72 -74% of almost pure ciystalline 
^-piienylltydfoxylamine.” The method has bt'cn extended to 
o-nitrotoluene and to a number of solid aromatic nitro-eompounds 
by dissolving or suspending in 1 1-2 times the Volume of benzene ; 
w-dinitrobenzene and 2.4-dinitrotoluene give mainly the solid 
dinitro-azoxy compounds, m-nitroaniline and j;-nitroaniline 
are reduced to the corresponding diamines ; the j)rocess is not 
applicable to ^-nitrophcnol.’** 

Full details of process and plant for tlie jnoductioii of dijdienyl- 
amine in 90% yield have be(‘n given, using the zinc and ammonium 
chlorides, method.'® 

It is of interest to note that the treatment of 2*ehk)ro-4.5-dinitro- 
toluene with ammonia or primary amines, such as methylamine 
or aniline, leads to the replacement of the b-nitro group, w'hereas 
tlu' G-nitro group is replaced in 2-chlor()-5.G-dinitrotoluene.®“ 
Methyl derivatives of th(‘. xylidines and naphthylamines liave 
been prepared by passing the vapour mixed w^^th methyl alcohol 
over alumina at 3(>0°-3S0° C., when a mixtiu'c of methyl and 
dimethyl derivatives is obtained.®^ The catalytic prej)aration of 
secondary amines is (effected r(‘adily in good yi('ld from 8chiff's 
bases of the type ROH : NRj by suspending in th(‘ liquid finely- 
divided nie.kel and passing in a (uirrent of hydrogen. Attempts 
to alkylate secondary amines further by mixing in vapour form 
with m(‘thyl or ethyl alcohol and i)assing over alumina at 380“- 
400'' 0. failed, the molecule being decomposed ; t^us benzylaniline 
and mcdhyl alc'^liol^ave methyl- and dimethylaniline and ioluene.“- 
d^hc^ formation of tertiary amines by the interaction of ethyl or 
-butyl alcohol with the hydrochlorides of aniline or the toluidines 
is juomoted by the* addition of certain catalysts, e.g., cujw'ic chleuide, 
sodium bromide, and calcium chloride, and the use of a large excess 

({. T. Myrgan and L. A. Joiios, Chna. ^Soc. Tran,s., 119 , 0^7 ; 
./., 1921 , 210 a . 

Chem. Soc. Trans., 1902 , 81 , 97 . 

'' A. Lapwo-th and L. K. TearRon, Chnn. SoL T rat's., 1921 , 119 , 7Cr) ; 
J., 1921 , 538 a . 

K. I). Haworth and A. Lapworth, Chem. AV. Trans., 1921 , 119 , 708 ; 
./., 1921 , 538 a . ' ' 

A. Conlardi, Giom. Chi.h. huL Appl., 1920 , 1 , 11 ; J., 1921 , 194 a . 

““ (1. T. Morgan and L. A. Jones, Cfirm. /S’oe. Trans., 1921 , 119 , 387 ; 
J., 1921 , 210 a . 

A. Mailhe and F. de Godon, (>omptes rmd., 1920, 171 , 1154; J., 
1921 , 40 a . 

A. Mailhe, Cmnptes rend., 1921, 172 , 280; J., 1921, 194 a . ^S*ee also 
Bull. i^oc. Chim., 1921, 29 , 100 ; J., 1921, 238 a . 
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of the alcohol ; o-toluidine is the least reactive, the other bases 
giving 80-90% of theoretical yield ; two new amines have been 
prepared by this method, viz., di-w-butyl-o- and -m-toluidiiLbs.®® 
Arylsulphonyl-1.4-naphthylenediammes and, arylenedisulphonyl- 
6i5-1.4-naphthylmediamines an^ their sulphonic acids have been 
prepared by reduction of the corresponding p-azo derivatives or 
their 2-, 6-, 7-, or 8-sulphonic acids, using reducing agents which 
are not sufficiently acid or alkaline to effect the hydrolysis of the 
arylsulphonyl groups ; for example, a-naphthylaminc is condensed 
with p-toluenesulphonic chloride, the product dissolved in sodium 
hydroxide and treated with benzene-diazonium chloride, when 
sodium benzene-4-azo-toluene-p-sulphonyl-a-naphthylamine separ- 
ates, and is reduced as the free azo compound with zinc and 
ammonium chloride in^. aqueous alcoholic solution to toluene-p- 
sulphonyl-1.4-naphthylenediaminc.®^ When the sulphonic group 
occupies position 4 or 5 in the original naphthylamine, 2-azo- 
compounds are obtained, which on reduction yield derivatives of 
L2-naphthylenediamine ; whereas the para (1.4) series give yellow 
diazo derivatives coupling to ‘form azo-compounds with phenols 
etc., the ortho (1.2J series yield non-coupling or/Ao-diazoimides.®*^ 
Tetrasubstituted ureas are produced by passing carbonyl chloride 
into a solutioig of a secondary aromatic amine in a suitable inert 
solvent, e.g.f monomethylaniline gives dimethyldiphenylurea.®® 
Attention may be directedi to the treatment of aniline poisoning 
and preventive measures ; the importance of providing satisfactory 
facilities for rapid treatment appears to be well recognised, and is 
essential if satisfactory labour is to be available in the industry.®’ 

^ K\. • *' 

‘ Halogenation. * v 

t , 

Toluene, its homologues, and its side-chain substitution products, 
may be halogenated in presence of an alkali carbonate.®® • 

The replacement of sulphonic acid groups by chlor'jne or bromine 
occurs generally and may take place with iodine under^ special 
conditions ; study of the effect of the presence of other substituents 
has been made.®® » , • 

A. J. Hill and J. J. Donleavy, J. Ind. Eng. Chem., f921, 13, 504 ; J., 
1921, 686a. ' 

** G. T. Morgan, a^d The Imperial Trust for the Encouragement of 
Scientific and Industrial Research, E.P. 160,583 ; J., 1»921, 381a. 

*** G. T. Morgan and W. R. Grist, Chem. Soc. Imrans. ^ ; 

J., 1921, 464a. * 

*• E. I. dji Pont de Nemours and Co., A.,P. Tanberg, and H. Winkel, 
'e.P. 144,881 ; d., 1921, 528 a. 

w J. Ifid. Hyg., June, 1921 ; J., 1921, 275r. 

•* C. C. Loomis, and Semet Solvay Co., U.S.P. 1,384,909; J.,* 1921, 6^3a. 

*• R. L. Datta and J. C. Bhoumik, J. Amev. Chem. <5oc., 1921, 43, 303 ; 
J.. 1921. 278a. 



COLOURINQ MATTER^ AND DYES. 


91 


Details have been published of the preparation of chloropicrin 
by tl^o action of ^chlorine on a cooled jVqVieous suspension of sodium 
picraf^ and pjrni^ar compounds in presence of sodium carbonate. 

• OxidfClion. 

A valuable summary of the recent work on the catalytic oxidation 
of hydrocarbons, alcohols, and carbon monoxide, using oxides of 
metals of the fifth and sixth groups of the Periodic Classification, 
has recently appeared."^ The importance of temperature control 
and the form or state of the catalyst is emphasised. Suitable 
methods for obtaining t(*mi>eratm*e conti'ol in the oxidation of 
benzene to maleic acid in presence of vanadium oxide have been 
described. The position with regard to the patents on the air 
oxidation of naphthalene to phthalic anhydride may be complicated 
by the publication under the Peace Treaty of a patent with an 
earlier Convention date, claiming “ a suitable catalj^st,” and specifi- 
cally vanadic acid at 320^-330° C.®* 

The use of vanadyl chloride has been claimed as a catalyst in 
the air oxidation of naphthalene, a- or methylnaphthalene, 
tetrahydronaphthalene, a-naphthol, or o-xylenc to phthalic acid 
or anhydride.®^ 

Oxidation of o-cresol in the vapour phase with a gas containing 
oxygen, in presence of a m'etallic o::idc as catalyst, yields salicyl 
aldehyde and salicylic acid.®^ 

Phthalic anhydride has been obtained by melting a-nitronaphtha- 
lene with concentrated or fuming sulphuric acid at 150°-160°C., 
adding a reducing metal, such as iron borings^.o!' zinc dust, and 
subsequently distijling off under reduced pressure at about 300° C.®® 

Over 80% yield of quinone has been obtained by the electrolytic 
oxidation of benzene.®’ Electrolytic oxidation of naphthalene in 
acid solution (mixtures of sulphuric acid and acetone or acetic 
acid), using a lead peroxide or platinum anode, gives a-naphtho- 
quinone together with phthalic anhydride and dark-b:;own 
resinous substance, containing a-naphthol and a compound of 
a-naphthol and naphthoquinone ; as oxygen-carriers, cerium nitrate, 

K. .T. P. Orton and P. V. McKio, Chem. Aoc. Tram., 1921, 119 , 29. 

w J., 1921, 307r. 

« The Barrett Oo., E.P. 107,219 ; J., 1921, 717a. 

” A. \Vohl, E.P 145, 07f ; J., 1921, 341a. 

British Dyestuffs Colp., Ltd., A. G. Green, and J. W. Porter, E.P, 
104,785 ; J., 1921, 561a. 

J. M. Weiss, C. R. Downs, and The Barrett Co., U.S.P. 1,380,277 ; 
J., 1921, 561a. 

, ®« H. Sasa, E.P. 140,051 ; J., 1921, 463a. 

®’ H. Inoue and M. 8hikata, J. Chem. Ind. Japan, 1921, 24 , 567 ; J., 
1921, 652a. 
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vanadic acid, potassium chlorate* and ichromate;- manganous sul- 
phate, potassium ferrocyp-n^de, and chrome alum were effective 
in the order given.®® ' ^ /■' 

The oxidation of cai’bazole by means of pernjanganatc in 'boiling 
acetone solution* yields two (^rystalline isomeric ,di(iarbazyls, 
C 24 Hi(,N 2 , and an araoq)hous substance; the three substances 
differ from earbazole in that they do not form picrates.®® 

Hydrogenated NajMIialene Derivatives. 

The methods of form«ation of A^-dihydronaphthalene have 
been investigated. Isomerisation of the A^- to the A^-iso- 
meride under the influence of alcoholic sodium ethoxide occurs 
with greater readiness than was previously supposed. Whereas 
the former yields an acjditive (;omj)ound with mercuric acetate, 
the latter is oxidised by this reagent, which does not react with 
naphthalene or its tetrahydro-derivative.^®® 

Technical naphthalene is purified before hydrogenation by 
♦agitation above 100° (•. with a finely powden'd or })orous material, 
such as fuller’s earth, kieselguhr,^ or animal eliarcoal, together with 
either a finely-dividid or low-melting metal, e.g., nickel or sodium, 
or with a metallic amide or carbide, e.g., sodamide or calcium 
carbide ; the jwoduct is then distilled under rc'duced pressure.’®^ 
On heating purified naphthalene under a pressure of 10 atm. to 
150°-200° 0. with sufficient kydrogeff; the desired hydrogenated 
product is produc;ed, no dt^cahydronaphthalenc being formed until 
all the naphthalene has been reduced to tetrahydrona})hthalene.^®- 
t^imilar methods have been used for the preparation of hexahydro- 
benzene from heit^ene containing thiophen and f,or, the hydro- 
genation Of crude methylnaphthaleile.^®=‘ v 

Tetrahydronaphthalenc is prepared by passing a mixturb of 
naphthalene vapour and hydrogen at the ordinary pressure over a 
mixture of nickel and 'copi)er oxides, manganese oxidjj alone or in 
admixture with nickel and copper oxides, or an oxide of the rare 
earths, e.g., thgria or ceria, alone or mixed with one or more ‘of the 
previously mentioned oxides . 

The mixture of 1- and 2-tetrabydronaphthalenesi^lphonyl chlor- 
ides, obtained *by l^he action of chlorosulphonic acid on tetrahydro- 

K. Ono, J. Chem. Spc. Japan, ^^21, 42, 38 ; J., 1021, 2r)3A. 

W. H. Perkin, juvi., and S. H. Tucker, Ohem. iSoe. Trans., 1021, 119, 
216; J., 1021, 2004.. ' 

F. Straus and L. Lemmel, Ber., 1021, 5t, 25 ; V., 1021,* 142a. Sec 
also F. M. Rowe, J,, 1921, nSr. 

* 1" Tetralin ‘O.ra.b.H., G.P. 324,862-3 ; J., 1921, 2r)3A. 

Tetralin G.m.b.H., G.P. 324,861 ; J., 1921, 253a. 

Tetralin 0.m.b.H., G.P. 365,104 ; J., 1921, 687a. 

“ A.-G. fiir Aridinfabr., G.P. 298,541, 298,553, and 301,275 ; J., 102'l, 

294a. , 
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naphthalene at ailow temp^ratufe, is hydrolysed by ste^m, and the 
l-isora(‘ride separated by its lower solubility in chloroform ; the 
sulphonainidos, *anifidcs, and sulphimc acids have also been 
prcparl^d.^”^ * 

l)eriv£»tivcvs of tetrahydronaphthalene have ,been nitrated as 
])reviously described^®® to prevent oxidation and rcsinification.^®’ 
'fho reduction products of the nitrotetrahydronaphthalenes are not 
only the coiTes])onding amines, but intermediat® products have 
also been obtained, such as hydroxylamines, which undergo the 
usual intramolecular conversion, azoxy-, azo-, and hydrazo- 
(jouipounds, of which the last-named undergo the benzidine 
transform ation . 

On treating tte-a/3-dibromototetrahydronaphthalene^“® with v ater, 
alcohols, or acids, with or without addition of inactive solvents, the 
a-broimne atom is replaced by — OR or* — O.CO.R (R— hydrogen 
or alkyl group), whilst the /3-broniine atom remains in the 
jiiolecule."® 

ar-a-'JVhrahydronaphthalenecarboxylic acid is prepared by the 
actioft of dry carbon dV)xide on dr}^odiumcrr-a-tetrahydronaphthol- 
atc ; on coupling with diazotised nitranilines ^or their derivatives, 
it yields azo dyes fast to light and milling.^" 

Intermkdiates oe the Anthracene Series. 

The purification of anthrMc^uinone is elTected by agitating a hot 
solution of (;rude anthraquinonc in a mmtral solvent, such as 
chloi’obenzene or solvent naphtha, with a purifying agent, such as 
an alkali or alkaline-earth oxide or carbonate or sulphuric acid ; 
th(^ anthracpiinone solution is separated, and the -solvent removed 
by steam distillatj^m."**’ 

Ry Viondensing anthranol or its substitution products with form- 
aldehyde in alkaline or acid solution, with the exception of 
c()nc(‘ntrated suljihuric acid, but including' sjiecifically a mixture 
of glacial acetic aeJd and concentrated hydrochloric acid, methylene- 
anthCaquinoiK^ and its substitution products arc obtained, which 
serve as inttumiediates in the manufa(?ture of vat dy4s.^^'* 

The dinit roanthraquinoncs Obtained by direct nitration of 
anthra([uinone have been investigated by reduction land conversion 
of the mixed diamino-derivatives into dih'ydroxy-compounds, 

Tetralin G.m.b.H., G.P. 336,6*15 ; J., 1921, 575a. 

1°" G.P. 299,014 ; J., 1920, 174a. 

Tetvalin G.m'.'O.H., U P- 326,486 ; J., 1920, 174a. 

Tetralin G.m.b.H., G.P. 337,157 ; J., 1921, 341a. 

G.P. 316,218 ; J., 1020, 360a. 

Tetralin G.m.b.H., G.P. 335,477 ; J., 1921, 503a. 

Farbenfabr. vorm. F. Bayer imd Co., G.P. 335,602 ; J., 1921, 503a. 

Kinzlberger u. Co., E.P. 143,885 ; J.,’ 1921, 5a. 

K. H. Meyer, G.P. 330,550; J., 1921, 254a. 
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which were^separated into the 2.6-, L6-, 1.7-, and 2.7-isomerides. 

From the results it was calculated that 37% of both 1.5- and 
1.8-dinitroanthraquinone is obtained together ^/ith smaller amounts 
of the other isomerides. The presence of the 1.2- arid 1.3-dinitro- 
compounds mentioned by Dhar^^* is controverted.^^® 

An attempt has been made to aetermine the role played by mer- 
cury in the a-sulphonation of anthraquinone, the products in 
absence of mercury being ^-sulphonic acids ; it is stated that in 
either case the fir^ product is the a-acid, but that at the higher 
temperature required in the absence of mercury the velocity of 
transformation of the a-acid into the ^-acid is as great as the 
velocity of sulphonation ; in the presence of mercury but at the 
higher temperature, the product is also the )0-acid, and a higher 
yield is claimed.”® {Note ~ln abstracting this paper for the 
American Chemical Abstracts, the abstractor correctly 'adds a 
warning that the solubilities of the sodium salts of the a- and 
/3-acids have been confused, and the above statements should be 
g-ccepted with much reserve in view of the complicated reaetions 
which occur on sulphonation of ivuthraquinonw.) 

Nitration of 1 -hydroxy anthraquinone with nitric acid (sp. gr. 
1*62) in sulphuric acid solution yields the 2.4-dinitro-compound.”^ 
Nitro-derivatives of y3-azides of the anthraquinone series are 
obtained by direct nitration, the nitro-group entering the a-position 
adjacent to the /3-azido group ; on reduction by means of sodium 
sulphide, l-nitro-2-azidoanthraquinone, for example, gives 1.2- 
diaminoanthraquinone.”* 

1.3-Diaminoanthraquinone has been prepared by heating with 
96% sulphuric acid 1.3-anthraquinone-ditolylBulphamide, obtained 
by heating 1.3-diuromoanthraquinone with p-tolylsuiphamide in 
nitrobenzene solution in presence of potassium carbonate and 
copper powder. The 1.6- and 1.7-isomeridcs were prepared by 
heating the corresponding nitrosulphonic acids”® w\th ammonia 
under pressure.^®® 

The elimination of halogen on the reduction of p-halogenated 
nitroanthraquiidoncs has been noted ; thus 1 .4-nitrobromoanthra- 
quinone gives on reduction a-aminoanthraquinone.^®^ 

Chem. So.. Trans., 1920, 117, 1001 ; J., 1920, 685a. 

M. Battegay and J. Claudin, Bull. Soc. Ind. Mulhousv, 1920, 86, 628 ; 
J., 1921, 340a. 

A. Roux and J. Martinet, Comptes rend., 1921, J-72, 385 ; J., 1921, 

209a. 

F. Ullmann, G.P. 332,853 ; J., 1921, 381- 

Farbenfabr. vorm. F. Bayer u. Co., G.P. 337,734 ; J., 1921, 620A. 

* ”• Clause, ^er., 1882, 15, 1614. * 

M. Battegay and J. Claudin, BuU. Soc. Ind. Mulhouse, 1921, 87, 71 ; 
J., 1921, 402a. 

M. Battegay and J. Claudin, Bull. Soc. Ind. Mulhouse, 1920, 86, 632 ; 
J., 1921, 340a. 
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The dibromoanthraquino/ie usSed by Graebe and Lfobermann 
in their classical synthesis of alizarin hjis been shown pot to be the 
1 .2-derivative, as? has? been assumed ; thb two products they are 
stated TO have*used arc not identical, direct bromination of anthra- 
quinone at 100° giving the 2.7-isomeride, whereas oxidation of 
tetrabromoanthracene gives maiifly the 2.3-isomeride. 

A patent of a distinctly novel character discloses an interesting 
isomerisation in the anthraquinone series. It was already known^^® 
that a-bromo-aminoanthraquinones may be converted by heating 
in presence of a suitable medium into ^-bromo derivatives in cases 
where a /3-position is vacant in the orf^o-position with respect to 
the amino group. It has now been found that, on heating a-halogen 
derivatives of anthraquinone with concentrated sulphuric acid at 
about 200° C., /9-halogen derivatives are produced ; for example, 
1 -chloroanthraquinone gives 2-chloroanthHqumone, and 1.5-di- 
chloroanthraquinone gives 2.6-dichloroanthraquinone. A further 
example states that L6-dichloroanthraquinone gives 3.6-dichloro- 
anthraqiiinone (usually known as 2.7-dichloroanthraquinone). It 
foUows*that a meUi- aninot an orf^isomerisation is under consider- 
ation.^2® The yields are not quantitative, and ascertain amount of 
free chlorine is always noticeable during the isomerisation. The 
latter might indicate an actuaj Migration of the chlorine atom, 
although in that case an almost quantitative yield* would be antici- 
pated. An alternative explaiw.tion could be based on the splitting 
of one of the CO-groups adjacent to the a-halogen, to give an 
intermediate halogenated benzoylbenzoic acid, followed by conden- 
sation to give the /9-halogen derivative, in the same manner that 
o-chlorobenzylbenzoic acid gives /9-chloroanthraquinone. Such 
an explanation scarc^ seems feasible to explain the direc^i conver- 
sion oi *a-dihalogen^mpounds into /9/9-dihalogen-anthraquinone8. 

The replacement of a hydroxyl group in anthraquinone derivatives 
by clSorine has been eflFected by treatment with arylsulphochlorides 
in presence erf acid-combining substances ; for example, using 
potash,* l-chloro-2.4-dinitroanthraquinone is obtained from 2^4- 
flinitro-l-hydroxyanthraquinone, whereas, using ^ethylaniline, 
a good yield of 1.2-dichloro-4-nitroanthraquinone is obtained.^** 
Benzanthrone is purified by dissolving in hot halogepated deriva- 
tives of aromatic hydrocarbons, separating the insoluble impurities, 
and allowing the solution to cooLV® 

SemiazoanthraqiAnones ®r their derivatives are formed by the 
action of l^'omine^n a-fiminoanthraquinofte or its derivatives 

G.P. 276,299 ; 7., 1914, 783. 

F. W. Atack and G. W. Clough, E.P. 169,732 ; J., 1921, 840a. 

F. tnimann, G.P. 332,853 ; J., 1921, 38U. 

L. C.*Daniels, and National Aniline and Chemical Co., U.S.P. 1,365,024 ; 
1921. 142a. 
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in presence of alkali ; for examfjle, tbe action of hypobromite on 
finely-divided 1,5-diaininoapthraquinonc gives 1.5-disemiazoanthra- 
quinonc. On dissolving in sulphuric acid, th6 coi^esponding amino- 
hydroxy-compounds are obtained; thus 1 .5-disemfazoanthraquin- 
one gives J .r)-diamino-4.8-dihydroxyanthraquinone, but in case 
the p-position is occupied, the hydroxyl group enters the o-position 
with respect to the amino-group.^'^® 

Anthraquinenylbenzohydroazines of the formula, 


/C(X 


/NR\ 


similar to the products described in G.P. 329,246^-^ are produced 
by heating l-halogen-anthraquinones or derivatives containing a 
reactive substituent in o-])osition to the halogen atom, with o-amino- 
dSirylamines or th(‘ir nuclear substitution products, alone or in an 
inert solvent or suspension medium, and with or without addition 
of catalysts and substances capable of combining Avith acids. 
1-Chloro-, 1.2-dichloro-, and l-bromo-2-mothoxyanthraquinonc 
give with o-aminodq)henylamine the same product, (y 26 lii 6 ^ 2 ^ 2 > 
Avhercas 1.5- or 1 .S-dichloroanthraquinone gives isomeric inono- 
ch loro-derivatives of this substance ; both chlorine atoms are 
replaced in the case of 1 .4-dichloroanthraquinone.’®® Identical 
products are obtaimul by condensing primary aromatic amines by 
means of caustic potash with arylr.minoanthraquinones, or their 
nuclear substitution products, containing a reactive substituent 

in the or//m-position to the imino-group.^2» 


Condenmtims. 

' Cl ’ ' 

A process for the manufacture of phthaleins is eiximed using an 
anhydrous aromatic sulphonic acid, with or without zinc chloride, 
as condensing agent ; the product from phthalic anl^dride, phenol, 
and toluenesulphonic acid, wdth or without anhydroes zinc chloride, 
is stated to be particularly free from tarry by-products and from 
oin'/m-condepsation products.^-’® An improved yield of phenol- 
phthalein — up to 40% cf the theoretical— is obtained by using 
anhydrous aluminium chloride as catalyst, phenol being present in 
slight excess ; fe|'ric chloride w'as not so satisfactory. The method 
described by M. Copisarow^*^ is considered to be more efficient 
and economical.^^2 ^ 

126 parbonfabr. vorm. F. Bayer u. Co., G P. 335, olO ; J., i921, 465 a. 

127 E.P. 3347 and 100,581 of 1915 ; J., 1916, 831. 

128 Badische Anilin- u. Soda-Fabrik, G.P. 329,247 ; J., 1921, 429a. 

128 BadiBche Anilin- u. Soda-Fabrik, G.P. 332,013 ; J., 1921, 429 a. 

■ ^2® Monsanto Chemical Works, E.P. 157,030 ; J., 1921, 174a. 

131 J., 1920, 360a. 

132 C. F. Ward, Chcnir iSoc. Trans,, 1921, 119 , 850 ; J., 1921, 638a. 
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Condensation ol aromatic alclehydes or ketones, containing 
an amino group ,in the o-positiorif with metha'feonic acid, 
NOH : yields 3-nitroquinoline or its derivatives ; 

thus o-aminobenzald^hyde gives 3-nitroquinoline, isatin gives a 
mixture of*3-iytro-4-quinolinecarboj:ylic acid and /jf-isatinoximed^^ 

Aromatic triazolos (pseudoazimides) are obtained by treatment 
of o-aminoazo dyestuffs, particularly those containing additional 
amino or liydroxyl groups, with ammoniacal solutions of coppei* 
and are to bo used as intermediatesd^^ 

'Idle synthesis of alkylarylnudiianes by the condensation of 
ketones with jihenols has been investigati'd, and yields ov(‘r 90% 
obtained by using liydrochloric acid containing a small amount of 
fiMTic chlorid(‘ as c.atalyst.'^*'^ 

CoLoiJBiNc; Matters* 

Tlie determination of the constitution of dyes from their absor))- 
tion spectra has beiai further investigated by F. Kehrmann and 
his co-workm’sd^'" It is considered possible to exjiress the constitu- 
tion of Uie majority of^dye salts o^ly by means of th(‘ (piinoid 
formula, and tliat this formulation is the most iatisfactory until 
\V(‘rner’s and th(‘ quinonoid theory have been broinrht into better 
harmony 

Croups similar in beliaviour to auxochromes which exhibit 
ia(‘i(*ased auxochromic character due *to containing true auxo- 
chromes, hav(‘- been termed combined auxochromes ; the dimethoxy- 
styryl grouj) has beem (‘xamined, using the p-nitrojihenyl residue 
as chroniogen, and is regarded as a new auxocJiromic unit ; com- 
bined auxochremes an* also abh* to facilitate fluoii(‘ 9 cenced'^“ 

* * • 

Azo Dyes. 

I tie ^use of aromatic acylamin(‘s as azo com])on(*nts has been 
investigated, and tlie auxochromic jioAver of the groiqis was found 
to diminisli in tthe order : 

- OH. -NH.SO 2 .Cclf i — NH.CO.C^Hs,— NH.CO.fU^ig ; 

(bazotised jfi-nil^’aniline couples ivith p-toJuenesulphoi?-a- and -/5- 
nuphtliylainides to give compounds of the type 
0 : N.CeHj.N : N.C\„He N : S (: O^CoH^.CH, 

O . . . Na . . . 

Badischo Anilin- u. Soda-jfabrik, (kP. 3:t5,197 ; J., 4G3a. 

Kalle G.P.*};38,9:!f#; J 1921, 749 a . * 

A. Muller, Chtm.-Zeit., 1921, 45, 0:i2 ; J., 1921, r)75A. 

^ F, Kehrmann and H. Goldstein, Hdv. Chim. Ac/a, 1921, 4, 2(i ; J., 
1/4a. F. Kehrmann and M. Sandoz, ibid., 31 ; J., 1921, 174a. 

F. Kehrmann, ibid., 1921, 4, 527 ; J., 1921, 539a. 

Kaiiffmarm, Ber., 1921, 54, 795 ; J., 1921, 341 a. 

W. KOnig and K. Kohler, Ber., 1921, 54, 981 ; J., 1921, 428a. 
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and as the reaction does not" occ^ir with the corresponding mcthyl- 
naphthylamhles, it is considered that the naphthylsulphonamide 
couples in its enolic formyC^oH^.N : S (: 0 ) (OIi)*G6H4' CH 3. Carb- 
oxyamides only couple very slowly with diazotised 7)-nitra^iiline.^^® 
A number of. azo dyes derived from diazotised 6 'nitro-m- 4 - 
xylidine have been dese.ribed ; resorcinol yields a dye giving full 
orange shades on chromed wool, and deep yellow shadt^s arc produced 
in case salicyliv; acid is used.’'*^ 

Azo dyes are obtained by coupling diazotised aminocymene 
either with an aromatic hydroxy-c-om pound in alkaline solution, 
or with an aromatic arnim* of tlu^ benziuie or naphthalene seiies 
or with an aminosul])honic acid in acid solution ; /^-naphthol gives 
a bright orange-red dye, and cymene-azo-toluylenediamine is a 
yellow-brown dye.’^- ^Similarly dyes are ])roduced from tetrazo- 
tised dimethyldi-isopropylbenzidimN^'*'* obtained by the benzidine 
transformation from hvdrazocymene, produced by alkaline reduc- 
tion of crude raononitrocymem*.^'*'’ 

Blue shades fast to light and milling on wool from an acid bath 
are given by the azo dyes produced by coupling a diazo-compound 
of l-amino- 4 -nitw)benzene- 2 -sulphonamide, in which one or both 
hydrogen atoms of th(5 amincygroup arc' substituted by alkyl, 
aryl, or alkaryl- groups, in acid solution with a 2-naphthylainine 
sulphonic acid or a derivative thereof, or a 2-amino-K.naphthol- 
sulphonic acid ; the nitro-grouj) in these dyes may be reduced by 
hydrosulphite, when the products dye wool from an acid bath level 
bluish shades fast to milling and light.^'*'^ 

Azo dyes, giving orange to bordeaux shades on wool, and yellow 
to bordeaux sk;dcs on chromed wool, are obtained by couj)lmg a 
diazo-aryl-sulphonic or -carbox^dic^acid, which nuiy or may not 
contain a hydroxyl group, or a substitution derivative thereof, 
with 8-hydroxyquinoline or its 5 -sulphonic acid.^**® 1 

5 -Aminodihydroquinine and the corresponding derivatives of 
other cinchona alkaloids couple with diazotised amines to give azo 
cfyes containing a remarkably labile amino group, apparently in 
part a function of the quinoline nucleus, as »')^aminoquinoline 
behaves in a similar manner ; the jnesence of a m^dhoxy or ethoxy 
group in position 6 facilitates the replacement of the amino group 

S. A. Poarrnan, Chern. Soc. 1921, 119, 717 ; J., 1921, 464a. 

“2 c. E. Andrews and The Soldon Co. U.S.P. "I,;!! 4,921 -2 ; J., 1921, 
294a. tf 

’ c. E. Andrews and The Seldeii Co., U.B.P. 1,314,925-6 ; 1921, 294a. 

C. E. Andrews and Tho Selden Co., U»«.P. 1,314,924 ; J., 1921, 323a. 

146 jparbenfabr. vorm. F. Bayer u. Co., E.P. 164,218 ; ./., 1921, 504a. 

• Akt.-Ges. f. Andin-Fabr., E.P. 166,033 ; J., 1921, 619a. 

W. A. Jacobs and M. Hoidelborgcr, J. A7mr. ('hnn, Aoc., 1920, 42, 
2278 ; J., 1921, '96a. 
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A monoazo dyo, giving l)lui.sh*rcd shades on wool and silk, is 
obtained by coupling diazotised /9-napbtl^)dainine-l-sfllphonic acid 
in alkaline solutioVi wfth H>acid.’^* 

Azo ayes, giving ^orange-red to blackish -violet shades fast to 
light and k) gashing on wool fron^ an acid bath, .are produced on 
coupling diazotised nvonoacidyldiaminodiarylsuljdiones, especially 
the 2.5- and 2.4-conipounds, with 2-andnonaphthalene derivatives, 
especially 2-aminonaphthalenesul])honic acids and 2-j«ininonai)hthol- 
sulphonic acids.’ 

o-Aminoazo dyes are obtained by e()Uj>ling with diazotised amines 
or tetrazotised diamines the products tormed by coupling 1.8- 
arninonaphthol-4.()-disulphonic acid in acid solution with diazotised 

0 - or ^-aminosalicylic ackl, sul])lioaininosalicylic acids, nitroamino- 
salicylic acids, or amino-«- or amino-m-cresotic acids.’ 

o-Hydroxyazo dyes iwv produe(‘d by c.oupling a diazotised o- 
aminophenol derivati\’e containing one or more halogen atoms or 
iiitro groups, or both, or a homologous com})ound, with an alkaline 
solution of 8-halogeno-a-na])hthol-5-sul})honic acJd, giving mordant 
<ly(‘s wool, of which*the chromiuln lakes possess good fastness ; 
for example, 4-chloro-2-aminophenol yields a dy.t giving dark-blue 
shades on chrome- mordanted wool, wh(‘reas the corresponding 
4-nitro-compound gives a dye producing bbrdeaux,sl\ades on wool 
from an acid batli which become black on chroming.’^’ 

'the o-hydroxyazo dyes, obtained b}j coupling o-hydroxydiazo- 
arvlsulphonic acids with r).8-dichloro-l-hydroxynaphthalcne, dye 
wool from an acid bath, and when afterchromed or dyed and 
chromed in a single bath, produce reddish-blue, blue, or black 
shades fast to light and milling.’’’^ (Similar tly^^s, particularly 
adapted for dyeing w' 0 |)l in presence of mordants in the satfie bath, 
are j)r»id»ced by coujding an o-hydroxydiazo-compound which is 
not sulplionated, such as diazotised 4-nitro-2-aminophenol, wdth 

1- o-carboxybensv)ylamino-7-naphthol ; intense* dyes result which 
dye wool in prdhence of chromium mordants dark greenisli shades 
of excellent fastness to milling.’’’-' 

Hydroxyazo dyes, giving brown shad^s^on animal fibres in con- 
junction with metallic mordants, are produced by couj)ling diazo- 
tis(‘d o-aminophcnols, o-aminona])hthols, or their rutro^ sulphonic, 
or carboxyl derivatives with 4.(>-diamino- 1. 3-xylene 


A. J. Field, U.S.P. 1,383,711 ; J* 1921, (i20A.* • 

(J. de Montmollin, and 8c*;, of Chem. Ind. in Basic*, U.i?.P. 1,359,909 ; 
1921, 404a. 


C. Rudolph, O.P. 298,852 ; J., 1921, 4C4a. 

Akt.-Co8. f. Anilin-Fabr.* K.P, 108,081 ; J., 1921, 731a. 
Akt.-Ges. f. Anilin-Fabr., E.P. 145,053 ; J., 1921, 019a. 


Akt.-qes. f. Anilin-Fabr., E.P. 145,057 ; J., 1921, 019a. 

British Dyestuffs Corp., Ltd., E.P. 100,848 ; J., 
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1 . 

1 .8-Dih ydroxyiHiphthalone has boon preyiarocf by heating 1.8- 
dihydroxynaphthalene-4-iulj)honic acid with sulphuric acid and 
water at 150° C. ; on coupling with an equimolj‘cu\ar quartity of 
benzenediazoniuni chloride ])r('ferably in hydnKdiloric acid solution, 
4-benzeneazo-l.8-dihydroxyna])hthalene is ])roduccd, whci’cas excess 
of diazo-coinpound in acetic acid solution gives 4.5-dibenzeneazo- 
1 .8-dihydroxynaphthalen(‘s. 4-p-Sul])hobenzeneazo-1.8-dihYdroxy- 
na])hthalen(‘ dyes unniordanted wool a dark cIhutv red, giving paler 
shades on aluminiuin-niordaiited wool and dark-hrown shades on 
chroriH'-niordant 

l)iazo-azo-hydroxy compounds mv olitaiiK'd by cond)ining a 
diazohvdroxyna])hthalene, for exam])le l-diazo-5 (or 7)-hydroxy- 
naphthakuie or 2-diazo-8-hydroxy-() (or .‘k()-di)-sul])honic acid with 
a highly reactive monodiazo (lompound su(*h asy>-nitrodiaz('benzene ; 
the ])roducts couple, c j/., with 9a-toluyl(*nediaiuin{‘, 1-ainino- 
na])hthal('ne-(} (7)-su]j)lionic acid, or l-a.niino-8-hydroxyna])htha- 
lene-4-sulphonic acid, to yi(‘ld dark blue to black su})stantive 
cotton dyes.^^® ^ 

Readily soluble azo dyes are produced by the action of lonnaldc- 
hyde-l)isul])hite on diazotisable azo dyes containing at k'ast one 
external amino-grouj) ; altiTiiatively ai’omatii^ diazo (*om])ounds 
are coupled with azo conqxuients Cv)ntaining an exttu’nal N-niethyl- 
w-sulpho grou]), f]'om a tetrazotised diamine, such as 3.3'- 
diamino-4.4'-dimethyldi]>h(Tiylmcthaiie, and th(‘ ’ N-nitdliyl-w- 
sulpho derivative of 2-amino-5-hydroxyna])hthalen(‘-7-sidphonic 
acid. The products give yellow to claret shad(‘s on cotton, which 
become extraordinarily fast to washing Avhen diazotised on th(‘ fibre 
and developc'd vith a non-sulydionated azo conqxment.'^' 

Disazo dyes which are direct acid^'dyes for cotton^or wool, giving 
pink to red shades, or may be after-chromed on wool, giving red 
shades fast to millinjj, are obtained by combining y>- disazo) )e^zene- 
azo-salicylic acid with a 2-na])hthylaminesul]>honii; acid, sucli as 
2-naphthylamin(‘-5- or -b-inono- or -3.()-disul phonic acid.^'^” 
'-Disazo dyes, giving on c.otton, wool, silk, and other filfres blue 
shades which can be develcipcd to blue-black to grqeii shades, ar(^ 
produced liy diazotising and coupling witli 2.8.6-aminonaphthol- 
sulphonic ftcid ^he product formed by coupling l-diazo-4-nitro- 
naphthalene-6 (or 7)-monosulphonic acid with m-amino-p-cresol 
methyl ethc^r followed by reduction of the nitro-group.^'^'* 

0. Hellffi’ and H, Kretzselimann, Brr., 1921, 1098 ; J., 1021, 428a. 

11^8 O. Muller, (I.P. :]30,8;{2 ; J., 1021, 4 l.)a. 

^87 H, PVitzsehe and 8oc. of Chem. Ind. yi liasle, U.S.P. I,3()2,0fl0; ./., 

1021, 4t)4A. 

Bfotherton and Co. and R. W. Merriman, K.P. 155,410; J., 1921, 

75 a. 

16 ft wr yj and National Aniline and Chemical Co., U.8.P. 1 ,37l‘079 ; 

j^..<:o2i. 204w 7:nA. 
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• * t 

Disazo (]y(\s afo obtained by coupling 1 mol. of 5.5'-tlihy(lroxy- 
2.2'-dinaphthylanune-7.7'-disulphonictacgd with 1 (5r 2 mols. of 
diazo-^ompou^ids^ of* amines containing a sulidionic or carboxyl 
group in th(‘ o-i)osi|^}ion, c.f/., anthranibc acid or 4-chloro*2-amino- 
b(‘nzoic itcicL or with 1 mol. of tjiese diazo compounds and 1 mol. 
of a suitable diazo-eompound ; the jnoducts give on cotton pure 
j'(‘(l, bluish Hid to blue shades fast to ironing, after-tj*eatment with 
eo]>per salts giving bluish-r('d to violet shades fast to ironing and 
to light.’®” 

Disazo dyes, giving vivid s(!arlet slunles fast to light, washing, 
and fulling from an acid bath on wool, nre produced by coupling 
tel razotis(‘d 4.4'-diaminob(‘nzo])henone with 1 mol. of /^?-naphthyl- 
jiniin(‘-3.()-disul])honie. a.(;id and I mol. of ^-na])hthol.’®’ Similar 
shades auc obtained by using 2 mols. of 2.0- .or 2.7-naplitholsulphonic 
aeid.'«“ 

Disazo dy(‘s giving on wool in an acid bath scaj'let shades fast 
to cashing, milling, and light, are ])rodueed by combining tetrazo- 
lised 4j,4'-diaminobenz9idienone wil^i 1 mol. of /i^-naphthol and 1 mol.* 
of a naphth()ldisul])honie acid.’”” 

Dij’ect trisazo dyes for cotU)n, giving grecniish-blue shadt's fast 
to light and on after-tj'eatment vfith fornvddehyde fast to washing, 
a.r(‘ obtained by (nu])lhig diazotis(‘d 1 -monoacid5'lJtmino-4-amino- 
napllthalene-(>- or 7-sulphoni4‘ acid with l-annnonaphthalene-O- or 
7-sulph()nic acid, diazotising th(‘ })r()di!et, coujding with /3-naphthol 
01' 2.7-dihydT'oxyna])htljalcne, hydrolysing the aeidyl group, and 
tinally diazotising and cou])ling with resorcinol.'®’ 

A novel irndhod for tin* production of azo dy(‘s in substamie is 
claimed to gi\’e Impi'cived results in respect to purTty, stnijigth, and 
dej)tl^(^‘ colour, the*amine being diazotised in presence of a starch 
paste. 


Plymenl Azo Dyes, 

An aflvali salt of th(‘ dye obtained by^coui)ling diazTiti^ed p-nitto- 
o-toluidine wkh 2'naphthol-3.0-disulj)hcfiic aeid is cfrnverted into 
an insoluble scarh't barium lake, which is fast to light.’”® 

»S(^arl(!t lakes of remarkable fastness to light, jtmcB su]Terior to 
'Similar colours of th(^ Ponceau class, are obtained by combining 
/’/-xylidinesulphonig acid (OH , : OH , : NH*« * SO^H - 1 : 3 : 4 : 5) 
• • 

Fnrt)ejifabj'. voSn. ¥. ttoyer u. Co., K. J\ 144,!il0 ; 1!)21, 1)88 a. 

Badisclie Aniliri- u. Soda-Fabrik, (J. I*. 338,083 ; */., 1921, ()8 Sa. 

Badischc Anilin- u. Soda-Fabrik, (i. V. 333,077 ; J., 1921, 381a. 

Badisfhe Anilin- u. Soda-Fabnk, (J. P. 330,824 ; J., 1921, 294a. 

Farl^mfabr. vorm. F. Buyer u. Co., (1. P. 339,183 ; J., 1921, 731 a. 

J. L. Kane, K. 164,488 ; J., 1921, 5.39a. 

A. Linz, and Ultro Chemical Corp., U.S.P. 1,358,007 ; J., 1921, |28 a. 
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with R-nalt, the products from other ftai)hthoMlphonic acids not 
being so fast" to light.^®’ • ^ 

The use of complex acids containing tungsten J)as been si^ggested 
in producing lakes.^®® f 

Bisazo pigmertt dyes are obtained by coupling: tetrazotised 
tolidine with yS-naphthol-h- and -8-sulj)honic acids.^*’*' 


Tri phenyl methme Dyes. 

Run; greenish-blu(* tri])henylm(‘thane dyes, su])erior in fastness 
to light to known dyes of similar shade, arc' produced by heating 
with ethyl alcohol and a small amount of sulphuric, acid a mono- 
alkyl-o-toluidine, such as the monomethyl derivative*, and 2.4- 
dichloro-5-nitroh(‘nzaldohyde oi’ 2.4.5-lrichlorobenzaldehyde, with 
subsequent oxidation of the leuco-compound.^'® 

The electrolytic oxidation of the leuco-base of ]\lalachite Green 
is best carried out in i)iH'sence of uran\d sulphate as catalyst, when 
a yield of over 57 is obtaine(\^'' 

Basic dyes are; obtained by condensing acetylene with aromatic 
amines in presentV of sulphui-, followed ])y oxidation ; aniline 
yields ditliio-oxanilidc, , C 6 H,r,.I^H..GS.(\S.NH.CeH. 5 , whereas di- 
methylaniline *yil‘lds a compound ' OgoHapNaS and linally a com- 
pound of probable constitution ^ 

wdiich is r(;adily oxidised by air to Methyl \Tolet ; similarly Victoria 
Blue was obUiiped from phenyl-a-naphthylamine,^’** 

Condeftsation of 1 mol. of benzdldehyd(‘-o-sulpl^onic acid with 
2 mois. of o-e.resol by means of 70% sulphuric acid gives a tHphenyl- 
methane compound, [(JeH 3 (()H)(CH 3 )j.,.(vH.CflH 4 .SO;,H, jvhich 
on nitration gives niono- and dinitro-derivatives (ky^eing chromed 
wool from an acid bath yellow ish-browm shades not last to light or 
mtf.ling.^^^ 


BriliHli Dytstiiffs Oorp., Buddiloy, and d. jHill, E.P. 1()1,053 ; 

J., 1921,r)04A.« * 

A. Lcndle,^ind Kattroff, Pickliardt and (Jo., U.S.P. i, 378, 418; «/., 
1921, 576 a. a. Linz, at\il The Chonycal foundation, Ine., U.S.P. 1,378,882 ; 
J., 1921, 539a. • , 

18® A. J. f a4d, IJ.S.p. 1,383,710 ; J., 19ifl, 619 a^ 

^’8 British Dyestuffs Corporation, Ltd., \#. H. Perkin, and* G. R. Clemo, 
E.P. 165,658 1921,576 a. 

A. Lowy and E. H. Haux, Trans. Amcr. Electrochem. Soc., 1921, 99 ; 
J., 1921, 730a. ‘ 

F. Consonno and A. Cruto, Gazz. Chim. ItuL, 1921, 61, *1., 177 ; J., 
1921, 538a. . • 

r® P. Deinont, Rev. Gen. Mak Col, 1920, 24, 65 ; 1921, 143a. 
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Carbfizole Blue, •obtained •by fusing carba/olo ^xrHh r -i 
l™ been shown to.be a tricarba 7 vlm.^tV„ , 
formula* (C'ljH^NHj.tf • C HNHrOM ? “ matter of 

fl... nmlhL'c^rbonttom'S’S^^ 7““*^ that 

the jJ-posifiomwith respect to the.iitroeen atom 
tnphenylmetliane dyes, (larbazole Bluer yields a eSS 
gives variously coloured sslts • ti.„ a caibmol which 

methane has been premr^ in- 1 1 tricarbazyl- 
obtained by fusing !»-ethylcarbazole with waUe 
earbinol and the jiarent hydroearbon b-,rh ’ 

(larbazole JBue and Carba S r,n b^ 

soil! file lives, the preseiu-e of a i, Milphonatod to give 

influence as the benzyl and phenyl gloupsd'i"^’ 

I’hllmicm Di/m. 

An improved method for the nroiliief ion of ii • o 
flaoreseeiu disulphide, l>'«'«c,tion of thiofluorescein, or 

--..s 

>1 

f-'i' .i.g deeper iiJ h^ oxidation during dyeing, 

and f isiia..M. I , fl ^ hb.wl%s than gallem, increased in depth 
•tetecbs by after-treatment with copper.o^ 

Carbazine Dyes. 


I""**™ ">'» % ih. 


ing reactions 


(N()2),CeH:a.NH.CeH4.CHR2 


'"-h 4, 538 ; 639^"””’ »'*• (Mm. Ada 
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Pyrazotone Dyes. * 

A careful investigation Kas been made of,meyu)(ls for preparing 
Tartrazine and similar dyes in a state of purit>^’^* The ?if-sulj)ho- 
phenylhydrazone of l-m-sulphophenyl-S-carboxy-h-pyrazolone, iso- 
meric with ordifiary Tartrazine* is obtained by the comfensation of 
2 mols. or j)henylhydrazine-m-sul])honic acid with I mol. of sodium 
dioxytartrate. Similarly 1.4-naphthylhydrazinesulphonic acid and 
the 1.5-isomer have been converted into Tartrazines. On wool and 
silk, the Tartrazine from phenylhydrazine-?/i-sul])h()nic acid gives 
a yellower shade than ordinary Tartrazine: the dy(‘ from the 1.4- 
acid mentioned gives a brighter red shade than the j)roduct from thc'- 
1.5-isomer, which is browner in tint. 

« Cyavvnc Dyes. 

The work of Mills and Wishart,’'^ and of Mills and Evans’’*' 
has beem confirmed^**" by examming tlu^ absorption curve in th(‘ 
ultra-violet of a solution of p-dimethylaminocinnamylidene-quinal- 
dine methoperchloratt^ decolcrised by hydrochloric ac id, which 
differed very materially from that of a similar solution of isoeyanine ; 
the latter cannot therefore have the butadiene structure as stated 
by Kcinig.'**^ The struotural fortnula advanced by 0. Fischer’ for 
the carbocyahines contains one carbon atom less than is indicated 
by analysis, and their formulation ps dimethyl dericativ(‘s of true 
cyanines by Wis(', Adam, Stewart, and Lund”''’ is not in actcordance 
with th('ir sensitising action or with their behaviour on oxidation. 
The most probable structure of the carbocyanincs is considered 
to be : — 

1 I, \ 

NR INK 

In the blue-sensiiising dye Pinacyanol,^*^ II is ai^ ethyl group.”"’ 

Isocyanine dyes similar to, but not identical with, those given 

the corrcsjionding derivatives of quinaldine, are obt'ained by 
treating quaternary addition compounds of ])ure ,lepidine or its 
homologucs with alcoholic alkalis in hot, concentrated solution. 

1” M. Johnsofi, J., 1921, 17(>t. 

”8 J., 1920, r)40A.^ 

J., 1920, t)85i.' * 

*8® W. K6»ig and O. Treichcl, J. ^^rakf.^Chem., 1921, 102, 03 ; J., 1921, 

653a. ' • ♦ 

481 J, prakt. Chem., 1912, 86, 100. 

182 i5i9, 199a. 

183 J ^, 1919, 450a. 

181 B. P. 16,227 of 1905 ; J., 1906, 368. 

183 W. H. Mdls and F. M. Hamer, Chem. JSoc. Tram., 1920, 117, 1550 ; 

4U. 
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TIk^ isocyaiiino fr(«n lepidiin' (‘thiNlide resembles that from qiiinal- 
(Ihio in its photosensitising pro}>ertics, ^ind is probably isomeric.^**® 
The dyps obtaineTl fi1)m tlie ‘higher alkyf halides of lepi'dinc give 
sensitiveness in the infra-redd®’ 

The qiftnqfiyanine, 4.4'-diph(myI-i|r-isooyanine,# identical with 
the red dyestiilT j^rodueed by tr(‘atmerit of the A^-base in ethereal 
solution with air and carbon dioxide/®® hfis now betm 
obtained by the aedion of 4-])henyl(iuinolyI methiodidc 
on the A|r-base of 2-inethyl-4-([uin(4yl mtdhiodide. The parent 
A/f-isocyaninc' is ])repare(l by th(‘ addition of excess caustic }>otash 
to a solution of 2-iodoquinolyl iiKdhiodide and quinaJdyl methiodidc 
in hydrochloric; a(;idd®'‘ 

A new seri(‘s of ])hotosensitising dyes, Kry])tocyanines,” or 
“ K are ])i‘('])ar(‘d by dissolving le})i(jine ethiodide in boiling 

alcohol and giadually adding a solution of sodium ethoxidc; and 
formaldehA'dCj with exclusion of air, when a purple-black dye is 
producedd®® 

" * Various hi/fs. 

l)y(‘S ar(‘ obtainc'd by coiKkuishig a tetrahalt)g(;nated methane 
with a derivative of a-na])hthol, in nhich jvosition 4 is not substituted, 
in ])r(‘senc(‘ of an alkaline; (amdcMising agiait and a CMtalystd®^ 

^T'llow dyes, giving level shades fast to light on avooI, are produced 
hy condensing ethyl(‘n(‘diamine with o-nitrohalogenbenzene-p- 
siil])honic (or carboxylic) acids, or their derivatives ; for example, 
2-iiitro-l-cliloi‘ob('nzene-4-sulphonic acid gives a product 

(I) Se)3ll. ('/!,, (:{)N(), (4)NHd'H,.(ll,.Ntf(-l).NO,(:}).^».l3.S()3H(l) 

whiclvist also suitable for ju’oducing colour lakes, and the dye from 
the corresj)onding carboxylic; acid dyes })ai)er }'ellow shades fast 
to lig^litd®- 

The lcu(;o-bu,se of Furol (^Ireen has been })repaT*ed in 30% yield 
by condensing furfural with dimethylaniline in pi’esence of zinc 
ciiloride ; lead peroxide converts it into the dye, wdn’ch dyes silk, 
ce'liulose, and wool abrilliantyellowish-green, of only slight fastness 

E. Q. Adnnis and It. L. Hallor, J. Amrr. Chvm. l'h20, 42, -389 ; 
J., 1921, 75a. Also U.S.P. 1,374.871 ; J., 1921, 413 a. 

E. Q. Adams and H. L. Haller, tJ.S.I*. 1,374,K72 ; 1921, 413 a. 

1919, 199a. . , 

U. Eihclier aiuf vl. »Soln.d)o, J. prakt. Chem., 1919, 100, 89 ; J., 1921, 

llA. 

E. Q. Adams and H. L. Haller, J. Anmr. Chem. A'ec., 1920, 42, 2691 ; 
•/., 1921, 75a. 

(i. dp Montmollin, H. J. Spieler, and Society of Chemical Industry in 
bask). U.S.P. 1,387,596 ; J.,1921. 731a. 

Badische Anilin- u. Hoda-Fabrik, G. P, 336,629 ; «/., 1921, 576a. 
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to light fn the case of wool. iJicthyianihne gives “ Furc)l Green 

Condensation jnoducts of the indophcnol tyyo {p*e obtained by 
tn^ating p-nitrosoj>benol, p-nitroso-o-cresol, /)r p-nitj’oso-o-chloro- 
phcnol with a ithenol alk^d (‘-tlyL‘r which is not siibstitiltcd in the 
pam-position to the alkoxy-group anisole, o-chloroanisole, 

phenctok', o-ci-(‘sol ethyl ether, or r(\sorcinol dimethyl ether) in 
2 )ros(m(!e of sii>|diuric acid (s]). gr. 1-71) or concentrated hydrochloric 
acid ; the products yield leuco-comjjounds with sodium sulphide 
solutifMi.^*’^ 

A nund)er f)f dyestuffs derived from phenantliraquinone have 
been ju’cimred. I^hcnanthraphenazine dyes with auxochromes 
in the jjhenantlirenc nucleus are ]>rcpared by condensing the 
corresponding amino ^derivatives of phenanthraquin^mc with 
o-i)henylenodiamine ; the products are y(dlow and dye light shades 
on wool. The ju’oduct from 2.7-diamino2>henanthraquinonc and 
7.8-dianiino-l-naphthol-3-sulphonic acid dyes fast yellow shades 
» on wool. A number of azo dyes have b(‘en ])repa]pd ; the 2.7- 
plumanthraquinone d(H‘ivativetf ar(‘ gooddiiect (iotton d.\ e^, v lu reas 
the 4.5-derivati\^«s arc good avooI dyes with little affinity for 
cotton.^®''* 

^ • 

. • Anthmce'ifc, Dtjes. 

N-Dihydro-1.2.2'.r-anthraquinonc,- azino (indanthroiuO or its 
derivatives are obtained in*imj>roved yield and quality by fusing 
2-aminoanthraquin()n(‘ or its derivatives rcs 2 )ectively with caustic 
]>otash in presence of a salt of an organic acid with which it is 
miscible in the fused state, smffi as potassium formate or acetate 
or a mi^^ture of* the two ; a further improvement fs to introduce 
suitable oxidising agents, such as potassium cfilorate^^J^ The 
use of a non-hydro.xylic solvent, such as aniline, naphthalene, or 
hquid paraffin, in presence of an oxidising agent is ^daimed to give 
pure indanthrene.^®’ * 

A further method for the chlorination of N-dihydro-J-.2.2'.r- 
atfthraquinone-azine has bj^eii described, by treatment with sul- 
phuryl chlontle at 50°-l0C/° 0. in the 2 )rescnce of niti'bbcnzene.^®** 

On heating alizarin with aniline and stannous chloride, phenyl- 
aminocoeramidopdne is formed ; similar compounds are obtained 
using ^-toluidinc etc., togethej' with other hydroxy derivatives 

0. Fischer nnd L. (Jmhl, J. jmikt. CJn'tK., 1920, 100 , 1G9 ; ./., 1921, 41a. 

AkiAien. f. Anifin-Fabr., (J.P. 3;{3,89? ; J., 1921. 342 a. 

F. H. Watson and S. Dutt, Chcni. S<k\^ Tram., 1921, 119 , 1211 ; J., 
1921, G87a. ' 

W. J. Pope and Scottish Dyes, Ltd., E.P. 162,687 ; J., 1921, 464a. 

197 Atack and J. Anderson, E.P. 166,297 ; J., 1921, 619a. 

198 Farbvv, vorm. Meister, Lucius, u. Brun^ng, O.P. 331,283 ; J., 1^21, 
294a^ 



of alizarin (t'xcoj)i "Alizarin iiordeaux), and tlioir sulphonic acid 
,dyo unmordantcd ^vooUn red, violet, and blue shades.'"" 

^ • Indigoid Dyes. 

Tlic constitiJtion of indigoiin has ^lecn expressed in a new partis 
valency formula which is considered to symbolise the pro])ertic 
and relations of cluMnical individuals more acciirati'ly than expres 
sions involving normal vali'iicit's only ; colour intensification b 
auxochromes is attributed to the making and breaking of partis 
valeniues. The analogy betweiai indigotin and indanthrene i 
consider(‘(l, and it is shown that the (^ause of the colour probabl 
resides in th(^ interaction of tlu^ nitrogen atoms and the oxyge 
atoms of the quinone groups b\ (;onsi(lering the variations cause 
in eacih seiles by exchanging S and O for out? or both NH groups.^' 

Baeyer's formula for indigotin has been examined criticall 
in relation to the chemical behaviour and jihysical ]iro})erties ( 
indigotin and the* known facts regarding the relation bt^tween colou 
and c}u'7iical^(;onstituti(Mi, and the f»l lowing formula is considerc 
more correctly to interpret the facts : — 

‘-'oH., ('• 

<r 

T}u‘ (jarbonyl and imino-groups ar(‘ at each end of a five*membere( 
conjugated system, thus 0 — C- 0 — ('— NH ; suc.h an arrangemcn 
is found in other vat dyes of both the indigoid and anthracen 
series, ajid is .similar to the cl^ain O^C — C^C— present ij 
dyes of*fl)e alizarin series, [f this formula were accepted, indigotii 
would be a derivative of the coloured stable modification of dibenz 
oylethylenc.2®i 

General rules have been formulated which jiredict the increasi 
in the depth of colour in passing from brown-red isoindigo to violet 
red indirubin and blue indigo, the existence- of a similar relationshij 
in the case of oxindigo, thioindigo, and indigo, and the diminutioi 
in the depth of e^ilour produced by substituents, such as methyl 
hydroxy, and amino groups and the halogens in tlr^ B.b'-positions 
The union of an aiixochrome and a chromophor by means of a chaii 
of conjugated doubly bonds leads to an increas-e in the depth o 
colour (bathochromic, effect),'' as in indigo, whereas tho direct unioi 
of a chromophor and an auxochrome decreases the depth of colou: 
(hypsochromic effect), as in isoindigo ; indirubin occupies ai 
intermediate position. The bathochromic effect in passing fron 

’ Badircho Anilin- a. Soda-Fabrik, (IP. 330,572 ; J., 1921 , 429a. 

2“® R. Robinson, J. Soc. Zlycra and Col.y 1921, 37, 77 ; J., 1921, 254a. 

W. Madelung, ..Z. angew. Chem.y 1921,, 34, 482; J., 1921, 730a,, 
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oxiiuligo to thioindigo to indigo is due to tho^ increasing power of 
the auxoohromes prc^sent. The effect of two auxochromes is 
cumulative when in j 9 -position, but they a 6 t in contrary yriirections 
when in m-position ; thus all 5.5'-derivativ^s in tke indigoid series 
are deeper in i^iolour than the corresponding b.O'-^erlvatives.'*®'^ 

A series of halogenated indigos has been described, prepared by 
treating with acetone and allvali substituted o-nitrobenzaldehydes 
obtained by® nitration of products derived from .‘b5-dibromo-4- 
aminobenzaJdehyde by rc})laccment of the amino-groups."**^ 

Isatin has Ix^en synthesised by condensing aniline with chloral - 
oxime in acid solution, and warming the resulting isonitrosoacetani- 
lide with suljihuric acid ; similarly ^i-chloro-o-anisidinc hydro- 
chloride gives 4-chloro-7-methoxyisatin, which yields Avith indoxyl 
4-chloro-7-methoxyindirubiii, a compound which changers in hydro- 
sulphite vat almost completely into ordinary indigo."”^ 

Tsatin-5-sulphonic aci(l, identical with the prodiud of oxidation 
of sodium indigo-b.ri'-disuphonate, is obtained by sul])honation 
with 20% oleuin : the jiotassium salt condenses with indoxyl in 
acetic acid solution to give ifidirubin, which dyes v\«)ol a*nd silk a 
violet shade from an acid bath.-®** 

Indigoid dyes are obtained by^ condensing lialogenattMl d(‘rivativcs 
of isatin or iviphthisavin, capabje of reacting in the a-])osition, 
with 1 -h 3 'droxy- 6 -naphthol ethers or their derivatives not substi- 
tuted in the o-position to the a-hydfoxyl grouj) ; the dyes produced 
may be further halogenated. For exain])le, dichloroisatin-a- 
chloride and dibromo-^^^-najihthisatin-a-chloride give on c.ondensa- 
tion with 6 -methoxy- 1 -naphlhol products which dye gri'y and olive- 
green shade? Respectively ; on halogenation, tlu' ^former gives a 
product which dyes black shade!*.-®® In place* ,of 1 -hydroxy-b- 
naphthol ethers, l.O-dihydroxynaphthalene, or its derivlttfves neit 
substituted in the o-position to the a-hydroxyl group, may b^‘ used ; 
the products are alkylated, and may be further hak)genated to give 
dyes identical with those des(;ribed in the main patent.-®’ 

^ Methyl-()-indole-3-indolc-2-indigo has been prepared from 0 - 
methylisati%, and dyes wdol and silk, but only has ,a slight affinity 
for cfitton. The necessary intermediate was obtaineii by condensing 
m-toluidinq with mesoxalic esters, and saiionifying the esters of 
6-mcthyldioxinclole-3-carboxylic acid in presence of air, afterwards 
acidifying the alkali, isatate ; alternatively, m-toluidine reacts with 

J. Marttnoi, Brv. Gm. Mat. Col., 192fl, 25, IJ ; J>, 210a. 

L. C. Janse, Itec. Trai). Chim.y 1921, 40, 285 ; ./., l!)2l, 341 a. 

J. Martinet and P. Coisset, Gmnptes rpul.y 1921, 172, 1234 ; J., 1021, 

428a. 

J. Martinet and O. Dernier, Compten rend., 1921, 172, 330 ; «/., 1921, 

174a. 

2®« Farbenfabr. verm. F. Bayern. Co., C.P. 298,098 ; J., 1921, 294a\ 

, Farbenfabr. vonn. F. Bayer u. Co., G.P. 330,211 ; J,, 1921, 576a. 
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carbon bisulphi(l(i iu presencci of hydrogen peroxide to gitc di-m- 
tolylthiourea, which is treated with potossium cyanide and lead 
carbonate in aqueohs afcohol to yield hydrocyanodi-m-tolylcarbon- 
di-irai(le,' CH 3 ?CeH,.N'H.C(.C:N):N.C„H 4 .CH.„ and thi-s on 
heatng with aiuminium chloride in benzene gives (i-inethylisatin- 
m-toluide, easily hydrolysed to G-inethylisatin.*^**** 

N-Substituted oxindols have been prepared by heating N-inono- 
halogenacetyl derivatives of secondary alkylarylaniiiK^s, or of 
diarylaniines, of the general formula N(R)(R,).(X).CH 2 .X (R= 
alkyl or aryl, R^— aryl, X— halogen) in presence of an aluminium 
halide ; N-phenyloxindole is obtained from ehloroacetyldijdienyl- 
aitiirie, and on treatment with oxidising agents, such as nitrosodi- 
rnethylani line , yi(‘lds d iphenylisoindigotin * 

Details of a m()(lifi(;ation of the p(‘rmanganate method for the 
estimation of indigotin have been published 

The im])ortan(a‘ of obtaining indigo and other vat ilyes in a 
finely-divided form for working in the vat is w(dl-recognised, and a 
novel method is described in which the dye is s(‘]>a7‘ated from solutions 
of the leuco-eompound in pr(‘S(‘n(H^ of halts of bile acids ; on blowing 
air thi’ough a solution of sodium-indoxyl containing 5-10% of 
sodium eholate, indigo separates in a very fine state of division.-'^ 

Sulphide dyes. 

A yellow sul]»hide dye is obtained by heating a mixture of 5- 
aminocynume, m-toluylenediamine, and sulphur, vhereas a green 
dye results on heating a mixture of acetaminoeyrneiu', a p-amino- 
hydroxy-aroraatic compound, and sulphur.^^- 

Indophenols Inwe been prepared by oxidising«.cquimolecular 
])roportil)ns of t( trahydro-a-naphthylaminc or its mono- or dialkyl- 
amino-cierivatives and ja-aminophenol or its substitution products, 
and art used for the production of fast blue suljdiide dyes.-^^ 
Rroducts having the general constitution 

Arvl< >S.C1 

Xs/ 

are formed by the action of sulphur monochloride on the dry salts 
of aromatic amines in which one o-position to the amino-group is 
free, or, preferably in presence of a diluent such as benzene 

.1. Bonnefoy and J. Martinet, Comptes rend., 11)21, 172 220 ; J., 1921, 

174a. 

208 R. Stolk, G.r. 33.5,763 ; J., 1921, .503a. 

2»o W. Thomson, J. Soe. Dj/ers and Col., 1921, 37, 166 ; ./., 11)21, 464a. 

211 C. H. Boehringer Sohn, (l.R. 326,573 ; J., 1921, 210a. 

212 C. E. Andrews, and The Selden Co., U.S.P. 1,314,928-9 ; J., 1921, 
294a.* 

212 Farbcnfabr. vorm. F. Bayern. Co., fJ.P. 338,817 ; J., 1921, 731a. 



or naphtiia, on tlie free basofe or their aryl derivatives ; chlorination 
also occurs ^ hi p-jiosition to the amino-group when that position 
is free or substituted by an atom or group >'hfcli is easily replaced 
by chlorine. On treatment with aromatic basesj most ^bf these 
products yield red, violet to blue basic, dyes* but with, bases con- 
taining an alkyl grouj) in ^-position to the amino §roup, e.g., p- 
toluidmc or m-xylidinc, sul 2 >hide dyes are formed giving yellow to 
brown shades ^fast to chlorine on cotton ; the active chlorine atom 
still present in the latter products condenses with aromatic bases, 
giving yellow to orange sulphide dyes.-^^ On treatment with 
water, the initial products just des(;ribed give ring compounds of 
the general formula 


AryU; 




«.()?! 


the ring of which is opened by treatment with alkalis, preferably 
with addition of a reducing agent, e.g., hydrosulphite, giving with 
monochloroacetie acid aromatic o-aminocarboxylic a(;ids ; the 
latter are diazotised and concerted into khe nitrihis, vhith, after 
saponification, may be transformed into new ring compounds yielding 
leuco vat dyestufts by warming with dilute acids. The ju’oducts 
arc distinguished from known thioindigo dyestuffs by tli(*, brilliancy 
of their shade, tneir greater affinity for the fibre, and their incrciased 
fastness to washing, scouring, acid (jyoss-dyeing, and bowking.^^^ 


Vat Dyes of Unknown Constitution, 

Valuable bluish-grey to greenish-grey vat dyes are obtained by 
heating with ^r^saturated alcoholic solution of amponium sulphide 
the m- V)r p-nitroanilides of benzcAiuinone, or mqj*e especially of 
halogenated benzoquinones.-^^® ‘ 

The condensation of benzidine with chloroacetic acid, wjth or 
without addition of 'alkalis, yields a glycine which *on fusion with 
caustic alkalis with addition of suitable condensing agents gives a 
v;'t dye which dyes cotton and wool blue-green shades ; festers of 
chloroacetic ^'.cid may be tisod, with saponification jof the glycine 
if necessary.2^7 

On heating a-naphthoquinone with water under pressure, in 
addition to a-naphthoquinol a yellow condensation product results 
which on reduction yields green vat and pigment dyestuffs ; the 
latter is obtained directly by boiling a-naphthoefuinone with phenol, 
water being added to maintain a b.p. of about 1^0° C. 0n reduction 
with zinc dust in concentrated sulphuric acid solution, the insoluble 

L. Cassella u. Co., E.P. 17,417 of 1914 ; J., 1921, 619a. 

* 216 L. Cassella u. Co., E.P. 18,292 of 1914 ; J., 1921, 619a. 

L. Cassella ii. Co., E.P. 147,703 ; J., 1921, 688a. 

21’’ C7iem. Fabr. vorin. Woiler-tor Meer, U.P. 300,094 ; J., 1921, 464a. 
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green pigment dye ij? obtained by pauririg into ice- water, anfl may be 
used as a vat or sulphide dye for dyeing and printing wool and 
cotton.^^* • • 

• Natural Dyes. 

The conditiftns aff emoting the quality of the Java indigo plant 
have been investigat(‘d, and the richness of the leaf in indigotin 
has been materially increased by using a soil of ^ low nitrogen 
content ; the same author has suggested the development of the 
indigo industry in Assam in conjunction with tea or flax crops.^^® 

The work of Shibata and others on the anthocyanins and 
anthocyanidins has been criticised, and further evidence has been 
obtained in support of the view that in nature yellow sap pigments 
of the flavonol group arc first formed and the anthocyan colouring 
matters art; then produced from them by Reduction. 

Melanin, the pigment of the skin of the Australian black, contains 
about 50% of carbon and is fr(‘e from iron ; it resembk^s the pigment 
obtained--^ freau the wool of the black shc(‘p.“-^ 

Badisclic Amlin- n. ^Soda-Fabnk, f'J.T’. 1()H,4J7 ; 1921, 7.30a. 

W. A. Davin, Atjnr. Itcs. JnsL. l*usa, Inditjo Xo. 7 ; J., 1021, 

I7:u, 

220 w. A. Davis, ibut., Puhn. No. 8 ;*J., H)21„127it. 

221 1910, 217a. • • 

222 A. K. Everest and A. J. Hall, Ptve. Hoy. Soc., 1021, 92b, 1.70; J., 

1021, .3SIa. • • 

223 (4 01 1 TUT, .7., 1010, 1208. 

221 w. J. Voiing, Iltochrm. 1021, 15, 118 ; 1021, .704a. 
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tUmES, TEXTILES, (CELLULOSE, AND 
TAPER 

By Frank L. Barrett, A.T.F,, 

Research Dept., Toolal Broadhursl Lee Conepany, Ltd., Manchester. 

Much excelli^nt work lias been carrk^d out during th(‘ jiast year 
in the ri^alms of jiure science, and tnany of tlie lesults obtained 
will b(‘ of indirect l)(‘nefit to iiKiustry, but unfortunately 'fb(‘ direct 
apj)li(;ation of sciiaice to industry do(‘s not apjiear to liave received 
an equal sliai'e of attention. It is, however, gratifying to not(‘ 
that the several Res(‘arcii Associations have now' commenced 
theii* activities, Th(‘ literatujr^ connectedi with the science and 
technology of t(‘xtiles is notoi’iously chaotic, and one of their lirst 
functions will, doubtless, b(* to coll(‘(;t and prepare systematic 
review’s of the mon* imji.ortant jiarts. Jt is to b(‘ hoped that sti'ps 
Avill be taken secuii’e the gemu’ai publication of such collections 
of information, which w^ould be of iu'mense value to A\'ork(‘rs in the 
fields of both pure and appiii‘<^l rt*search. 

('OTTON. 

Little worlc,^f outstanding importance, relevant to the ^jhj^sical 
and cheanical prf)p(Tties of cotton, '^apai’t from cellulose, has bemi 
published during tin* year. It is gratifying to noti‘, hctvvever, 
that problems affecting its cultivation are receiving tlu‘ at tqntion 
of scientists and rauvh information has been amassed (anujerning 
the economic jiroduction of cotton in various jiarts of the world. 
Abstracts of the most imjiortant articles apjjc^aring in tnis con- 
nexion (which does not come within the scope of tliis review) will 
be found in the Journal of the Textile Institute. 

The organisation in this countiy of the various Associations 
connected with tne growing of, and research on, cotton, is apparently 
arousing interest in j America,^ where the formation of similar 
organisations is recorded. The aims of.thc Preliminary Committee 
on American Cotton*^ Research are dealt witff by D.* E. Douty,- 
and the projected scheme of work of the Cotton Research Co., 
Inc., of Boston, Mass., is discussed by C. H. Goldsmith.® 

» Text. WorUl J., 1920, 58 , 41. 

2 Ibid., 1921, 69, 8G9. 

“ Ibid.^ 1921, 69 , 871, 939, 943. 
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Tht^ Information* Bureau of the British Cotton Industry Research 
Association has jjjiblished a bi-monthly summary* of current 
literature during the year, which contains an extensive collection 
of admirably-arrango^l abstracts on all subjects bearing on the 
science and l^^chnology of cotton^ Unfortunately, they are not 
at present available for general circulation, but it is to be hoped 
that steps will be taken to secure the publication of colle(;tcd 
abstracts, which will be of immense value to workefs not directly 
connected with the cotton industry. 

In an article on the classification of cottons, W. Hacker^ deals 
briefly with the general j)hysi(;al characteristics such as “ feel,” 
and It^ngth of stai)le of 54 x.irk^ties of cotton. W. Robinson,^ 
in the course' of an article on the microscopic markings on flax 
and other^ vegetable fibre's, attribute's their^absene^e in the cotton 
fibre to structural (lifTe'remce's in the cell wall of the cottem hair, 
which is jirobably more e'lastic than that eif fibi'es e)f the flax type. 

A usciful methexl for the' cutting of micreitemie sections of ceitton 
fibre^s, yarns and fabrics has liee^n de'veloped by R. S. Willows and 
A. V. Alexandei*,'' who e^nploy a siin])le methexl of cedlulose (istcr- 
])araflin wax embedeling. The use eif agar as an fidhesive in place 
of albumin foi' tlx'- cexiieiiting of sections to the' microscopic slielo 
is suggested, H. J. ‘Denham’ sugge^stsa mbdilicatiewi of Brockner’s 
embedding process for the cutting of sections of cotton hairs. 
The relation betwex'n the constituents 'if the raw cotton fibi'e and 
the e'fficien(?y of the boiling-out and bleaehing jirocesses through 
which the woven fabric piasses arc discussed by J. Merritt Mathews.® 

M. l^h’eiboi’ge'r ^ has ceirrelateel the^ amounts eif water, ash, wax, 
and nitrogenous ^matter, etc. present in Am('ricar>i!otton, Maco 
cotton, yid de^sized cotton fabric, but give^s no d(}tails*of the 
analytijwS medliods empleiyed. 

A, l^hemrew,^® in examining the hygremietric jireipx'rties of fibres, 
finds that thert^is a maximum “absorbing cajiaiu'ty ” for cotton, 
amounting to about 20% of w^ater, attainable when bleached cotton 
in placed in an atmosjihere saturated with water, irrespecti'Wi 
of temperature,, ft is stated that cot fop, wool, an(i silk, when 
(jxposed to air of the sarnie moisturi' content-, take up water in 
amounts projiortioiial to their maximum absorp|ive* capiacities. 
Exjieriments bearing on the constitution of cotton cellulose have 

been made by F. Lenze, B. Pleus,«and J. Mmdler,^^ who consider 
• * 

‘ Text. ZeiL, 1921, 2(i9. * 

' J. Textile Inst., 1921, 12, 539. 

" Ibid., 1921, 12, 99; J., 1^21, 294a. 

’ Nature, 1921, 107, 299. 

® Text. Manuf., 1921, 47, 87. 

" Textilbof., 1921, 2, 345. 

Bull. Soc. hid. Mulhou^, 1921, 87 , 129. 

“ J. prakt. (7/iew.,^l92(), 101 , 213. 
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inalorial suitably treated with alkali t( b(* fm^ fiom xylosF' residues, 
and R. lV<)si(‘g(‘V- who bat utiidiod its acetolytic d('(tojn])osition. 

In continuation of ])rcvious work K. Knccht,*’’ in collaboration 
with F. P. Thompson, lias examined tJu'- effect of acids on cotton, 
boiling the matvtrial with dilute sulj)huric and iFydrocliioric acids. 
He finds that by tliis treatment its tensik' strength and attinity 
for methylene })Iue a.r(‘ decreased, but on drying amounts of sul- 
phu]‘i(; acid in th(' fabric, a ma.rk(‘d increase in th(t attinity for 
m(‘thyl(‘ne blue and rhodamine-R was noted. 

M. Nakano^'* has tound that A\hen cotton cellulose' is heated in 
air, or m(''e(*t isenl, tlu* viscosity of its solutions in eupi'ammonium 
is uuliKH-d in ])ro|)orti()Ji to tiu' (‘l<'\ation in temi'ciatuie' or to 
the incK'asi' in com entration ot the alkali. 

The retiort by R. A. Punter'^ on tbe industrial apjilications of 
researches on tlu' vdscosity of cotton cellulosi' is revu'wi'd later. 
N. Fleming and A. (k Thaysen,’*’' extc'nding their rest'arches on the 
baiderial deterioration of c-otton eluring storage, havi* devised a 
nu'tluKl of quantitativi'ly (hdermining the liacterial degradation 
of fibre's }»y utilising tlu' vdscose treat m(''»it as a sucllirif^ agent. 
TIk'v find that Ix.dian cottons (h'teriorate miKdi nuire rapidly than 
Arne'rican (iottons or cotton grown in fndia from .Aim'ricaiii s('t*d. 
The obsi'rv'ations of (\ Ooree,’" who has investigated the ti'iidering 
action of se^a-vater on cotton fabrics, arc dealt with under the 
section on Te'xtik^ Fabrics. 


Wool. 

Tlu' amount of pulilished material coming within the province 
of this seed ioVi \)f (he rc])ort is very small, and no jii’ogn'ss a])pears 
to have b(‘en made' during tlie year in the investigation of the; 
elu'mical constituents of wool and other animal fibre's. A volu- 
minous amount e)f,vvork on their physical and other projierties, 
in so far as tliey afTe'e*t manufacturing processe's, still I’emains 
te) be cle-ared up. 

The eirganisation of th<; British Researedi Association lor the 
Woollen anel Weirste'd industries, anel the eepiipment eif their 
laboratorie's, now' a])])e’ars to be almei.st ceimplete. In a review 
of their firs^ Ar nual Report,’ ** it is stated that a number of inv^e'sti- 
gations of technical importance hav'e be‘(‘n published and details 
of a projected seheme of researche's arc outlined. 

Zellfitofjrhem, A^handlungcn, 1020, 1.6’, 2.'>, 

J. Soc. Dyers and Col., 1921 , 37 , 270 . 

Kdciyo-Ktvagaku Zasshi, 1921 , 24 , 918 ; 1921, 807a. 

J., 1920, 2:13t. 

Biochem. J., 1921 , 15 , 400 ; 1921 , 764 a . 

’’ Bioehem. 7 ., 1920 , 14 , 709 ; J., 1921 , 342 a . 

, J Textile Inst., 1921 , 12 ^ 70 . 
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H. (). Herzog an(l*W. h;ivea])p]ie(l A'rayspe(;irogia.phio 

oK'tjiods of examination to the wool tilge ^ind lind it to be com- 
])leteJy ainoiphous. * 

Th(‘ liygromi'trie ])roj)(‘ilies of wool are the .sii])j('ct of examination 
in a lesearcfli l^y A. Seheiirer,-" vvln^has investigated the amounts 
of water taken ii]) l)y various textile fibres from moist air. He 
finds that wool, like* cotton, has a maximum abs(>rbing capacity 
tor wat(‘r wJic'u (‘X])os(‘d to aii‘ saturated witli wat(*j‘ Tajanir, being 
ca])able of taking iij) :}4% of water, ami that wlaai di'ied it regains 
moisture in an amount juoportional to this constant. 

R. Heychler-' finds tliat, on luxating wool under eonditifais of 
nofinal oi* imaeased juessujx' widi wat(‘r, alkalim^ of acid solutions, 
acid oj' basic, substance's ai(' dissolved, which are caj)al)le of reacting 
with basic ^or acid dyes. The* jdiysieal pro]>erlies of the fibre, are 
alk'ft'd as indicati'd by loss of double' fe‘tractie)n, eliminution e)f 
elasticity, and ine*rease e)i ])lasticit.y. 

The subject e)f the seaairing e)t woe)l has reeu'iveel eaily little 
attentie)!!. H. Hey-- has outliiu'd the ])rine‘i])l(‘S e)f the' elegreasing 
e)f weK)l by veilatik' solve'rtts, ami fl. J ? ( 'I’aven has contributed an 
inte'i'esting article' e)n the' e'm])le)yme‘nt e)f the scUent ele'greasing 
])reH*ess in the rnile'd State's. The use e)f chleainatcel hydre)- 
e'.arbenis of the' aliphatic se'rirs ii^s el('gre*a.siflg age'iits is protected 
by V\ Ke)edi.“^ 

The' aefie)!) e)f ae'iels on we)ol has bet'ii^e'xa mint'd by M. Becke,-'’' 
who states that aftei- tie'annent with aciel se)lutit)ns, wool ae;quirejs 
an acidic eharacte'f, and its rt'si.stance te) alkalis is eliminislied. 
He' has inve'stigateel the' aediem e)f sulphuiic, e)xalic, fenmic, and 
aeict ic atiiels, linelin^ that tJie ameuint e)f w'e)ol disse)lve'e^)y solutions 
of sul])huYe ae'iel, anel em subseh[uent treatment of the residual 
mate'riaU'tf ith sotlium carbe)nate se)lutie)ns, is pie)pe)rtional to the 
acid eioi^centratiem emple»yeel. ]n a latei* article he deals wdth the 
e'llect e)f acid tiratnu'iit freun the ])oiTits e)f vitW' of dyeing and 
carbemising. • 

44ie aeld*itie)n e)f reactive alelehyeles (feninalek'hyde, acetaldehyde 
etc.), acetone, e)r acett)-acetit^ e*ster to ^•arbe)[iising i^xtures t< 
prevent the' ele'feterious action f)f tht'se agents on wool or arti- 
ficial wool is the subject e)f a patemt by M. Becke.-*^, P. Hcer- 
mann states that tiu* use of toe) strong an acid or too high a 

l^nmhau, 1921,25.53 ; J., 1921, 34!Ja. Cf. Bn*, i92(), 53, 2102. 

Bull. Soc. ImL Mulhou,sr, 1«21, 87, 129 ; j., 1921, .'i.’PJA, 

Bu/l Soc. dhim. B(%., 192eii 29, 201 : J., 1021, 174 a, 

"- J. Soc. Dyers and CoL, 1021, 37, 183. 

Yorkshire Observer, Aug. 4t 1921. 

IT.S.P. 1,358,103; J., 1921, Ga, 

Textilber^, 1921, 2, 194, 213 : J.. 192h 381 a. 

•G.V. 334,528 ; J., 1921, 504a. 

TextiWer., 1921, 2, 106 ; V., 1921, 210a. 
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temp(^raturo during the carbon Lsing^ 2>roccss may result in iJic 
dcvolopineiit of stains in tdyeing. 

L. L. Lloyd points out the danger of the use of unsuitable 
oils as wool lubrit\aTits. (-. H. Boebringer Sohn ('lunn. Babr.^® 
claim that tlu^ laddition of salts of bile acids to the sf?ap solution 
during the milling o])eration, gri^atly increasc‘s its efficiency and 
sei’ves to ])rotect tlu^ wool against the aciion of alkalis. 

In (‘.onn(‘xion with the analysis of wool refuse, A. Deinolon**® 
makes suggestions (U)nc.erning the techni(pi(‘ of nitrogiai determina- 
tions. An int('r('sting s(‘i'i(‘s of analyses of suint and greases from 
typical wools has bcuai carried out by the U. 8 . Bureau of 
Chemistry.'^ 

Sjlk. 

Little w'oik of any maUa'ial scientific or t(‘chnical importance 
appears to lnn'(' Ikh'ii carried out during the year on tlu^ subject of 
silk, and it is to be ho])ed that with the organisation of the silk 
industry and formation of th(‘ Silk Research Association, stimulus 
will b(‘ gi^m to individual researchers, particulaity those working 
in the fichl of bio-chemistry, to turn their att(‘ntir>n to flie many 
important pi*ob<ems conncHtti'd with the structure and various 
liroperti(‘s of silk, which at pr(*sent aAvait im’(‘stigation. 

Qiu^stions bearing oh the culti'^ation of and rearing of th(‘ silk- 
worm undei- antise])tic conditions have' rec-eivc^d attention on tfui 
continent and in da2)an. V. K. (is'igian claims to have achieved 
remarkable succc'ss in o])taining coloured silks ])y suitably dieting 
the silkworm, but ('xix'rt (pinion ap])ears to be divided on the 
subject. An article reviewing the various authentic attempts 
to lu’oduce • oloured silks by this method has b(‘(‘n published 
recently. ^ 

The structure' of the silk fibre has been (‘xamined by K. H(azog 
and W. Jancke,=*^ who, enploying X-ray spectr(^grai)hic nj^ethods, 
state that it is of a crystalline character. • 

W. Tiirk has made a (hemical examination bf serichi, which 
«]ie obtained by digestion of silk with water under pressuiv, and has 
found (^vickaicc of carjibli yd rate-protein com2)lexes in alcohol- 
soluble and alcohol -insoluble sericin. Hydrolysis of alcohol- 
insoluble ^ieriejn with suljhuric acid gave varying amounts of 
tyrosine, leucine, serine, arginine, lysine, and histidine. 

-8 J. Textile /»w'.,‘lU21, 12, 10*2. 

G.P. ;j21,57r>; ,/., 1920, 779a. ‘ 

Ann. Chim. Anabjt,, 1921, 3, 244 ; «>■., 1921, (i88A. * 

Texl^ Worhl J., 1920, 58, 261. 

Cayindian Textile J., 1921, Aug. 4, 17.* 

Silk, 1921, 14, 41. 

34 Chem. Zentr., 1921, 92, IT., 573 ; J., 1921, 342a. See Ber,, 1920, 
53, 2162. , » 

t Z. physiol Chem., 1920. Ill, 71 ; J., 1921, 126a. 
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Results of anal}^es of Ja) 4 aiiese* and Maiicliuiian silks are given 
by R. Inouye, S. I^aoka, and M. which, •contrary to 

expectations, show them to be chemically identical. Jt is pointc^l 
out that analyses of tussah silk are invariably similar to those of 
tru(^ silk, A^itJj the ('xc(‘ption of difh'rences in llietiatio of alanine 
to glycine. 

A. Scheurer^’ has inv(‘stigat(‘d the amounts of water taken up 
by silk under various coiulitions, and finds that wliTm thoroughly 
dried and exposed to an atmosj)heie of water-saturated air, it is 
capable of absorbing, as a maximum amount, 2h% of water. 

Processes for the (U‘gumming of silk still continiu' to be introduced. 
G. Bonwdtt and 0. Goldschmidt (*laim the us(‘ of neutral or f(‘ebly 
alkaline solutions containing pia-oxides (with addition of gelatinous 
substance^ if ru'ci'ssaiy) as degu mining agents. The use of soap 
solution containing ])er-salt, is the subject of a subs(‘([uent patent, 
in this connexion, by G. Goldschmidt-^’" 

1j. Mayfi(‘ld applies a suitably adapted conditioning process 
to the production of soft and easily-mani]>ulati‘d ymns for knitting 
purjioses. * * 

A process for th(‘ pi'eparatoi y treatnumt of w iid silk yarns has 
been devised by S. Sakane,^’ who renders tluun w orkahleby repeated 
souring and soaping. , • 

Bast and ()tiie]j Vecsktable Fibres. 

Our know'l(‘dge couchti dng the technology of th(‘ more common’ 
bast fibres, and of many of the sci(‘ntific ])roblems connected 
therew ith, does not aj)]ieur to have increased to any very appreciable 
extent during the yeai‘. 

1’'he retting f)r(^(iess still occaipies the attention offnvestjgators, 
and m^vginethoos of retting continue to lx* ('voh ed, but apart from 
these. communications, which constitute th(‘ bulk of tht‘ jiublished 
work, it is not ])^)ssible to direct attention to m«re than one or two 
pa])ers of gt‘ner<'fl inten'st. 

Y. Uytfda,'’- in continuation of earlier work on the cellulosj^ 
content of bast fibres,'”’ has made further experim^its on the 
estimation of cellulose in Korean hemp, em])loying three different 
imdhods, and r( commends Renker's modification of ^Gross and 
Bevan’s chlorination being the most ])ifictical one for 

the estimation of cellulose in bast fbres from,tlu‘])oint of view of 

J. Tokyo Chem. Ax*., 41, STfi. * ^ 

Bull. Boi! Jnd. Mifihou.st>,4\r>\, 87, 120 ; 10*21, .^):{0\. 

Cl.P. :j;15,777 ; J., 1021, 504\. 

E.p. i;u,0(m ; ,/., 1021, l7r)A. 

"" E.p. 159,907 ; J., 1921, 20r)A. 

Japanese Put. 3(1,1130, 7.5.20, 

Ind*Eng. Chem., 1921, 13, 141 ; J., 1021, 174a. 

“ Ihid., 1920, 12, 573 ; Ami. Bepis,, 1020, 5, 12S. 
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textile (rlu'inistry. Hi' diseusses tlir fuiietioii of pectin in bast 
fibres and "opines that eellnlose of hemp fibre has, in some 
degree, an oxyeellulose struetiin'. 

# P. (-asparis,^’ in the eoiirse of ex]ieriipents on lignified cell 
membranes, ohtaim'd a blue .eoloi’ation on tri'atipg Hiese tissni's 
with solutions of (‘oball thioeyanati' of from In to 40^V(, 44ns 
reaction, whieli is not shown by iincliangi'd (‘('llulose, is su])])osed 
to be an adscViption plu'nonu'non, and is stati'd to Ix' mori' si'iisitivi' 
and reliable than th(' usual well-known ti'sts for lignified matti'r. 
It seems possible that it may be of value as a means for tlu' dc'ti'ction 
of adulterants in flax. 

Ellorls havi' been made in (lermany to stim iiate scientifii* 
investigation of the retting process, and in this ef)nnexion the 
VcTband Di'utschei- Lc'inen-lndustrielk'r e. W of l>e;lin-Jbef(‘ld, 
offered, ('arly in 192(1' ’ a number of ])riy.es to tlu' valiii' of 7().()()0 
marks for the solution of ])roblems connected \\ ith tin* di'termiTiat ion 
of th(‘ end-point in the retting of laist fibres, with irndhods for tlu' 
recognition (d \md('r- and ovi'r-n'tti'd ilax. l(‘(*hnical mc'thods for 
ov(‘r(!oming tlu* odour of rt'lting, ])urifying the ('flluenf. and foi' 
])ermitting ri'ttvd iibri's to Ik* drii'd artilicially v\ilii satisfactoiy 
results. 

Th(' (piestioei of determining tlv' eoni])k'tion of the ri'Hing process, 
with reference' to the difficulties arising in (uisuring ils standai'di- 
.sation,have been subseipisently diflcussed in tlu* coursi' (»f an inti'i- 
esting article. "* 

A number of ('xperimi'nts on the conditions affecting tlu' l•('tting 
of hax, hem]), ramie, jute, and nettles, have' beim made by E. 
Kayser and'-JH. Dc'laval.^' who, em])loying six dilTt'ient mici’o- 
organtsms for tlu' ri'tting of sti'lilised material. Jiavc' (h'teiTninc'd 
the optimum conditions for their growth, the fai'tors a.lP(<i!ig thi'ii’ 
development, and the nature of the ])roducts fornii'd as the ri'sult 
of their action. Tlu'v em])hasise the fact tluit w it«li ])ro])('j* scii'ntific' 
control a standardisation of the ri'tting ])rocess mi^ht Ix' I'lh'di'd. 

B. S. Summers pro])oses to regulate th(' ri'tting ^of tlax by 
adjustment', of the oxyghn absoiption valm* of tlu' ri'tting li(|iior. 
Jj. A. Johnson claims to accelerate the ri'tting of flax by a ])jelimin- 
arj^ removal c^f the gums and resins present in tlu' stiaw, em])loying 
tor the ])urj)ose a treat namt with an alkaline solution ])repared 
from ‘‘IVIagadi soda,” a mixture of sodium caibonati^ and bicar- 
bonate, of Ijast African origin. P. If. Turnel ’’® j)ro]x:ses to remove 

Pharm. Momil.s., 1920, 1, 121, ; ./., 1921, 

df.s Fom'huu(fs-J nfttihils. SonuK 1920, 

J. Dvpt. Apne. and Tvrh. Inutr. Jor hrhimJ, 1921, 21, 248 

Bull. Bor. d'Knvour., 1920, 132, 277 ; -/., 1921, 282 a. 

KP. ].'5S,807 ; J., 1921, 21 Ia. 

K. P. irjl,l4:j ; ,/., 1920. 718 a. 

E.P. 1(15,240 ; 7., 19:»t, 808 a. 
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the gum- like substances remaining on basl-hbios aflei* lotting by 
washing the bundled material in a suitably-arranged, centrifugal 
machine. A nov'td* lActhod for the proflue.tion of soft fibrous 
materiafs from^ba^t or similar fibre's is pate'iited by E. Elaviez.'*’ 
After digcfition of tlfte raw material with alkaline solutions, it is 
subjected to *a freezing ])roeess, Alhieh breaks den\n the natural 
fibre agglutinants surviving tlie' beiiling treatme'iil. 

In continuation of work eni the renting e)f e*xotie: plgnts, P. Krais'"- 
finels that borax, whem substitute'd fea* sodium bie^arbeinate, which 
he hael previeiusly em])le)ye‘d te) emsure an alkaline cemditiem, retards 
the re'tting pre)cess. The' e'XjR'riinents were* piimarily e*arried out 
with a spe'cie's e)f Brazilian m.dlem, and subse'epa'ntly exteneled to 
flax and neTtles with similar re'sults. 

R. Weiss •'"'‘give's de'tails e)f an empirical ])roe;e'SS for the' elegumming 
e)f ramie, ( -asein is state'd to ha\e be'e'ii used nith suce*e'ss in re- 
moving pectoses from te'xtile* fibre's. The a.e*-tie)n of the substance 
is said to de]>enel on the fae;t that wlu'n heate'd it e\e)lves ammonia, 
which reacts with the' inseiluble ])ecte)se‘s, forming readily soluble 
and eaSiJy re'inovalile jtl'e'.tate'S. ^ 

The shortage of fibrous raw materials in (Vi^cral Europe, and 
their pre'sent high ceist of importation, is caiK>ing (lerman and 
Austrian sene'ntists to continue the de've)tie)if of their activities to the 
utilisation of other and che'ape'i* semrees e)f sui)ply, and te) furthe'r 
(‘xploitatiem (.)f their natural re^semree's. » Many ne'W', and ap])are‘ntly 
succe’issful substitutes foi silk, wool, and cotte)n have be'e'ii preieluced. 

Proe;esses for the ])re‘])aratie)n e)f fibre's fre)m a diversity e)f sources 
form the subje'ct e)f a large numbe'r of Ere'neh, Ge'rman, Italian, 
iVmerican, anej dapane*se' patents, wliiek c^aiinot bf^lealt with in 
eU'tail. |IVat is one of the' paHicularly neevel se)urces eifijiloyed. 
The AKfieselskap Korsk Torv'textil '*•'" e)btain libreius products from 
this i]jate*rial by a process of we'ak aciel eligestion foll()\^x'd by an 
alkaline treatment. 

Me^-thoels fe)r*the manufacture' of “imitation’’ fibi'es, and tlie 
jiroductlbn of speeual effects on fibrous materials ceintinue* to 
evolved. Gillet et Fils preiduce weie^l-like effe'cts ^n ve'getable 
fibres by fixing theu’cein the proelucts of hyeirolysis e)f casein, se'ruin 
albumin, anel other pre)teie; materials. K. Takani eibtains an 
artificial wool by tre'atment e^f ce)tte)n with suitafily-tille'el rubber 
se)lutie)ns. 

• 

•'"1 K.r. ]C'f),049 ; J%, 1921, ri77A. 

Z. amjmv. Chem., 1920, 3%, 277 , J., 1920, SIOa. 

Bull. Boc. Ind. Miillwimi, 1920, 86, 404. 

L' Industrie Text., 1921, 37, 190. 

Norwepian Pal. 90,805, 14.0.20. 
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.lapaneso Pat. 90, 995, •18.5.20. 
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Artificial hemp is prepared 'according to Jj. Nakagami by 
treating bouax-impregnatecj cotton fibre with a jiaste of Hydromne 
rivieri, followTcl by drying and exposure' to ' st-(‘ani containing 
ammonia gas. S. Takasa and the Yokohama I^dg,Vd propose* 
to manufacture^ imitation hemp by treatment of cotton threads 
with aluminium acetate, follo\^ed by drying and emting witli a 
mixture of specially-prepared I visce)se, resin soap, and Turkey renl 
oil, the coated material being subsequently steamed, washe^d, anel 
dried. The pre)eluct is stated te) withstand washing, bleaching, 
and dyeing. 

AuTiFie JAL Silk. 

There arc few^ devcle)pments te) record in connexion with artificial 
silk ; the bulk e)f the curre*nt literature devoted to the* subject is 
mainly corape)seel of sy*mi-])e)])ular articles. Of the pate'nts ])ub- 
lished, only a small nuinbe*r present specially ne)ve*l fe*atures. Ne) 
progress appe'ais to have been made with regard t-o meihe)eis feir the* 
manufacture e)f sta})le fibre anel allieel artificial pre'duets. 

X-Ray e*xaminati()ns of the structure varieais artificial silk 
fibres have be^eii carrie'd out by K. 0. He*rze)g ane.* W Jancke.®® 
Viscose silk is stetteel to ivtain the crystalline* characte*r of cellulose, 
whereas artificial silk produced fre)m ce*llulose ae;etate was found te) 
be amoi’phe)us,* 

The employment e)f pe)larimetri^c methods of control in tlu^ 
preparation of cellulose soiUtie)ns fe)r artificial silk manufaeture is 
advocated by H. Schulz.'’’ A new type of artificial fibie, “ Holke‘n ” 
silk,®’’ has been obtained from Maco cotte)n, and is stated to be very 
durable, pe)ssessing considerable strength when w et. 

R. Schwari discusses thepossil^ledeweloinnent of cellulose-ether 
artifici^ silk pre)ductie)n. It is state*d that if cellulose etl^ers ce)ulel 
be cheaply employe;d in this connexion the resulting products would 
be superior to cuprammonium and celluloses ester silks ifi their 
water- and alkali-resisting properties, though the‘i^ slight affinities 
for colouring matters might constitute a serious elrawbae^j^ te) tht*ir 
f^’eneral employment. ^ 

E. Bronnfert proposes to regulate the d(;gree of* fineness of the 
threads obtained in the spinning of viscose by adjusting the^ amount- 
of acid pre^sent- in the spinning bath. The minimum quantity of 
sulphuric acid, in grams per litre, to be used for the* pi‘e)eluctie)n e)f a 
thread of requireej denier, may be calculat(*(J fre)m a fe)rmula, a 

Japanese Pat. 3G,315, 

Japanese Pat. 30,743, 10.7.20. 

Rer.,‘i920, 53, 2102 ; cf. J., 1921, 342X. 

Deut. Faseratoffe^ 1921, 3, 109. 

Ihid., 1921, 3, 51. 

«» Ibid., 1921, 3, 28. 
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relationship being fpund to exist btftwcen this figure and the square 
root of the denier required. In other patents h(^ gives details of the 
use of acid baths 6f*vffrioiis compositions. * 

Questitms rclfttirl^ to the production of viscoses tlireads have 
received a feiir share o^<attention and claims for tlie^use of a variety 
of coagulating^gents arc put forward. The employment of acidified 
sulphite waste lye forms the subject of one patent, and the addition 
of sodium benzcnesulphonate figures in another. , 

J. C. Hartogs®^ employs an electrical treatment of the thread 
immediately after spinning to enliance the appearance and feel 
of viscose silk. 

Economies in viscose silli jnoduction are claimed to bo effected 
by making the various processes cyclic, and patents have be(*n 
taken out for deodorising the gases evolved, and for the recovery 
of l)y-pr()(tu(;ts during the manufa(dure of ?iseost‘. 

Methods for the j)roduction of artificial fibres of wool- or cotton- 
like character have been devised by tlie (flanzfad(‘n A.-(k®® 
who employ a modihc'd viscoses treatment. L. Drut®" proposes to 
obtain f^nvs of a woolly nature by* emulsifying solutions used in 
the preparation of the various artificial silks w ith ^ir oi‘ inert gases, 
and spinning them into a precipitating mt‘dium w Idle in an (mulsified 
condition. • • 

The Clanzfaden A.-G.®“ claim to bring about alt(‘ration of the 
spinning properties of cup 3 ammoniiim-cel]ulos(‘ solutions by 
varying the state of hythation of the eellulose in solutioTi. '^fhey 
state that it is dehydiated by ad<lition of invert and starch sugars, 
and hydrated wdien cane sugar is added. The full strength, gloss, 
and elasticity of the fibre* are only obtained when et^ulose is com- 
pletely hydraf ^d*])efore spiiming. ' • 

Yarns and Farrics. 

Sizing is one of the most- imiiortant steps iij the preparation of 
yarns for the jnanufacture of textile fabri(;s, and until recently 
no very serious attempts had b(‘en made to (‘fleet a thoroughly 
scientific standardisation and control o^ the pi'oct‘Ss. ^ 

Tt is gratifying to n()tt‘ that new methods of sizirfg are being 
devised and that sev(‘ral articles dealing w ith those problenis con- 
nected with the process, which re(j[uire immediati^ inV(‘stigation , 
have been published. 

An interesting stnies of investigations on* the effect of sizing 
cotton waips with st^arch nfixtures of diflVaent physical properties 
( has been carried out.®" machinery for th(^ sizing of various 

C.P. 337,042 ; J., 1921,* 621a. . * 

"« E.P. 135,205, 152,349, 152,360, 152,351 ; J., 1921, 254a, 343a. 

E.P. 143,253 ; J., 1921, 689a. 

E.P. 146,035 ; Cf. P. 306,107; J., 1918, 575a. 

Cotton, 1921, 85, 481 Textile World J., 1921, 69, 2895. . 
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materials lias l)(‘('ii iiitivxlueed, and si'veral novel nu'tliods 
for the pnjparation of siz(‘ ingredi(‘nts ih'VTlojied. 

R. H uenlich suggests the us(‘ of ])art‘;diy d(‘xti‘inised potato 
starch as a sizing agc'iit. H ydrogena1(‘il lish ■oils'^^ an* rt commen- 
ded as substitutes for the more exiiensivi' o;ls at prc'seij^t t'mployed 
as softening agents in the preparation of size mix'aires. 

The various factors affecting the* activity of amylases are dis- 
(uissed by W. Bi(‘(h‘rniann and A. Rueha,'" and also by A. Desgn'z 
and R. Hoog.' ‘ Tlu* Sex;. Suisse des lA‘rm(‘nts ])a1ent nu'thods 
for the ajiplication of animal amylas(‘s in the eleguni ruing of textile 
materials. 

Methods for the trusting of amylase solutions hav(‘ been devis(‘d 
liy R. von Kuler and (). Svanberg J. L. BaloM* and H . F. Hulton 
describe* a proee‘ss for the iexleimedric testing of diastase* extracts. 

It is to be ho])e‘d thwt with iiie-reNise* in eair know l('dg('^ eif enzyme 
chemistry, and methods foi- (‘ontidlling the actixity eif enzymic 
jirejraratiems, many n(‘W ])roe‘e'sse‘S for the* ie*me)\al of feire'ign 
niatteu* from textile* mate'rials will be intreieluced. 

Nunu'rous patents elealing(A\ ith the fireproofing, w ate/. proofing, 
stiffening, stienetlie*ning. |•enele*ring im])ejiiie'able^ to gases, and 
ele)})ing eif faiiries have be‘e*n ])ut)lishe*el dui-ing the* year but no very 
noved featuies app(‘ar F. Meieller'' pi-ojioses te) eni])loy thiemyl 
chlorieit* alone, or m pre‘sene*e of indifferent solvents, for the* wate*r- 
proofing or hardening of e ellulosie gnati rials. 

An (*xhaustive* study eff the* efficie*ney eif various m(*the)els of 
Avat(*rpi‘oofing cotton duck has l)e*e*n maele* by F. \\ Ve*ite*h and T. 1). 
Jarrell,'” wlu) discuss the value* eif the various te*sts empleiye'el. 

An inteiestiiig account of re‘searche*s on the* action of ultra-violet 
light (ui fabTlt*s has bee'ii ])ublisl\ed by M. Fntht.^" The* varieius 
])recautie)ns to be* obser\e‘d in e*arrving out e-omjiarativg^tvsts em 
different mate*rials are* ele*alt with in ele*tail, anel spe'e'ial ce)nsiele*i‘ation 
is given to the prdte*ctive* action of ce‘rtain dye*.stuffs em •fabrics. 
It is sheiwn that undye*el silk suffei-eel a gre*ater re ei'iiedion in te'nsile 
stremgth than similar material wliich Jiael be‘e*n dye*el, l><>fh 

were e*xpe>s('d, unde*r the*, same cemelitions, to a me*icury vapour 
lain]). A ‘'ce)efficie*nt of protection ” eif dy(*el silU'has b(‘e‘n ele*te'r- 
mine*d for each eif a numbe*r eif dye*stuffs. 

(jes. Tcxfil-hul, 11)21, 24, 27S. 

Textile ro/o/7.s7,'l 1)21, 43. iniT, 

Fermetitforfich., 11)21, 5. '7(». 
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relationship being fpund to exist btftwcen this figure and the square 
root of the denier required. In other patents h(^ gives details of the 
use of acid baths 6f*vffrioiis compositions. * 

Questitms rclfttirl^ to the production of viscoses tlireads have 
received a feiir share o^<attention and claims for tlie^use of a variety 
of coagulating^gents arc put forward. The employment of acidified 
sulphite waste lye forms the subject of one patent, and the addition 
of sodium benzcnesulphonate figures in another. , 

J. C. Hartogs®^ employs an electrical treatment of the thread 
immediately after spinning to enliance the appearance and feel 
of viscose silk. 

Economies in viscose silli jnoduction are claimed to bo effected 
by making the various processes cyclic, and patents have be(*n 
taken out for deodorising the gases evolved, and for the recovery 
of l)y-pr()(tu(;ts during the manufa(dure of ?iseost‘. 

Methods for the j)roduction of artificial fibres of wool- or cotton- 
like character have been devised by tlie (flanzfad(‘n A.-(k®® 
who employ a modihc'd viscoses treatment. L. Drut®" proposes to 
obtain f^nvs of a woolly nature by* emulsifying solutions used in 
the preparation of the various artificial silks w ith ^ir oi‘ inert gases, 
and spinning them into a precipitating mt‘dium w Idle in an (mulsified 
condition. • • 

The Clanzfaden A.-G.®“ claim to bring about alt(‘ration of the 
spinning properties of cup 3 ammoniiim-cel]ulos(‘ solutions by 
varying the state of hythation of the eellulose in solutioTi. '^fhey 
state that it is dehydiated by ad<lition of invert and starch sugars, 
and hydrated wdien cane sugar is added. The full strength, gloss, 
and elasticity of the fibre* are only obtained when et^ulose is com- 
pletely hydraf ^d*])efore spiiming. ' • 

Yarns and Farrics. 

Sizing is one of the most- imiiortant steps iij the preparation of 
yarns for the jnanufacture of textile fabri(;s, and until recently 
no very serious attempts had b(‘en made to (‘fleet a thoroughly 
scientific standardisation and control o^ the pi'oct‘Ss. ^ 

Tt is gratifying to n()tt‘ that new methods of sizirfg are being 
devised and that sev(‘ral articles dealing w ith those problenis con- 
nected with the process, which re(j[uire immediati^ inV(‘stigation , 
have been published. 

An interesting stnies of investigations on* the effect of sizing 
cotton waips with st^arch nfixtures of diflVaent physical properties 
( has been carried out.®" machinery for th(^ sizing of various 

C.P. 337,042 ; J., 1921,* 621a. . * 
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E. A. Fisher, in the eourse of iV scries of articles published during 
the year in» the Journal of the Textile Institute, gives valuable sug- 
gestions for the interpretation and repn^sdhtation of quantitative 
experimental values, obtained in the course f)f“texdile work, which 
will bo welcomed in this connexion. " 


('klluja)sj':. 

Plii/sical and (Udloid Properties. 

The subject of th(' })hysical and colloid properties of cellulose 
in its various foi’ins ])resents an almost unopened field for research, 
and it is to be regrett(‘d that, compar(‘d Avith the chemical aspect 
of cellulose, little adA^ancenu'nt has beim made during the year. 
It is probable, hoANcver, that as the industries connected with the 
utilisation of cellulosie materials become more' organised and their 
demands more insistent, the attention of th(‘ jihysicsist and physical 
chemist will be more d(dinit(‘ly direett'd tovvards the (‘liicidation 
of the many vital and fundamental problems, wliieh at jiresent 
await solution. » 

In connexion with results pre\dously obtained by A on Weimarn, 
F. Beck has made ex 2 Aerimt‘nts on tin* strength of cdlulose films, 
and finds that films jinqiared fiom neutral salt solutions of cellulosi*, 
which are Aveakt'r than those fotmed from viscose and eupram- 
monium solution, may be increased jn A\et and dry tensile stiiuigth 
to the extent of 80%, by treatment Avith a eoncentrat(‘(l calcium 
thiocyanate solution followt'd by Avashing and drying. In the 
case of films formed fi'om calcium thiocyanab* solutions of cellulose*, 
it has been noted that the 2 )iesenee of a trace of solvent remaining 
in the film causes inereas(‘d tensilj* strength. In » reply to these 
criticisms, P. P. Amn WeimanP^ makes observa tit-ms on^ methods 
for increasing the stiength of cellulose films, and in a subsequent 
article,”^ points oqt that the SAvellirig of cellulose by aqueous 
neutral salt solutions is de]>endent on the state of kydration of the 
salt in solution. * 

In continuation of an ^ earlier research,**^ S. J. Lewis"" has 
made furth^ exjieriments on the fluorescence of cellulose in the 
form of paper and fabrics, and has extended th%> work to cellu- 
lose acetate. Jlis method of procedure is to focus an ultra- 
violet spectrum on the surface of the material, which is suitably 
arranged in a quartz'specti ograph, and to j)ho1;Ograj)h the resulting 
“glow ” by means of a special camenf. Tht^Avork, vhich is not 
yet complete, at present indicates that S 2 )ecimens of ct*llu1ose and 
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its (hirivatives which from ^ the \isual considerations would he 
regarded as being identical, show marked differences in their 
fluorescent properties.* * 

In the (uiursc of a critical revi(‘.w of the utility of the various 
methods of eJectrical\nvestigation usually adopted by biologists 
and colloid chemists, R. Keller”^ points out th(‘ im})ortance of dielec- 
tric constant determinations. He has inv(‘stigated the dielectric 
constants of a numlxT of carbohydrates, including cellulose. 

An observation of imnunliate technical int(T(‘st is mad(^ by 
Vj. Arnould/'- who finds tliat th(‘ presence of small amounts of sodium 
chloride, adsorlx'd by the c(‘llulos(‘ and not removable' by washing 
with wat(‘r, may jire'vent tlu' satisfaedory sizing of j^aper by the 
rosin-alum procc'ss. Tiu'se impurities may, however, be satis- 
factorily r/'inoved by ti e'atnu'iit of the material with dilute caustic 
soda solution. 

A sc'i'ies of int('r(‘sting contributions on adsorption have been 
made' by 1. 1V1. Kolthejtt.'*'’* In e'xamining the amenints eif se)dium 
and poti^ssium hyeli‘oxi(|e' fake'ii u]) by e*e)tte)n wool anel filter paper 
fre)m sediitiems of increasing normality, he finels that with unit 
we'ight of cellulosic material the ame)untse)f alkali Viken up increase 
with the end cemea'iitratiem of tlu'ysedutieai up te) a sbre'ngth of 4A. 
Betwet'ii 4xV and iSN the epiantif^y taken u]> is e*.e)nstant, but abeivc 
i)N there is a suelden incre'ase'., follema'd by a cemstant value until 
the final end e;once'ntration rc'aehes HA. He therefore concludes 
that there is no adsoiptie)n in the* true sense. In a subsequent 
r(\s(^arch,”^ he has examined tht^ cpiestion of the taking up of heavy 
metals by cellulose and concludes that the action is due to the 
replacement ol the bivalent anion of the ash by a itytlrion or ion 
of a heiik^y metnl, tln^ action Ix'ing analogous to th(' replacement 
of metffi in the p('rmutites. He surmise's that asji-free cellulose 
woukUnot take up metals at all, and shows in an eailier communi- 
cation that k^ul is not completely adsorbed from its solutions by 
cellulose of low ash alkalinity. He has also investigated the factors 
bearing on the adsorption of copjier from solutions of copper saltcr;’ 
finding that the addition of ammonia causes a rapid ii^^-rease in the 
amount of coppj'r taken u]). The question of the part played 
by the alkalinity of the ash in cellulose in the taking up of acids 
has also received his att(*ntion, and he finds that, when the ash is 
almost completely removed, adsbrjrtion falls^ to zero. In the 
light of these results it is obvious that the ash content of cellulose 
• • • 
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iiuist 1)(‘ takon ioto account Mien .conskhaing many of the 
pheiionuaia ussociat(‘(l witV adsorption. 

The (juestJon of ilie inHuemu' of various *faetors on tlu' size of 
flu* e(‘llulos(‘ aggi('gai(‘ is one of vital intvresT t(t all eonecTiied 
in th(‘ ])ro(lu(;ti^ai of solutions of cellulose''^ and its (kuivativa's. 
As point(‘d out in last y(‘ar s i‘e])ort, ])ioneer work of a valuable 
nature has luvn carried out by W. H. (libson and his collaborators/'^ 
who ing('niously ajijdied nu'thods of viscosity (h tennination to an 
inv(\stjgation of (‘(‘llulost* and the nitric estvrs ])r(‘i)ai(‘d therefrom, 
and by »J. Masson and R. .McCall,'’^ who have inv('stigated th(‘ 
conditions afteeting the pr(‘])aration of nitrocellulose solutions for 
vise.osity determination. Thes(‘ r(‘S(‘a relies, which along with 
others, were eaii’iial out during th(‘ lat(‘ Avar, had foi* theii" ultimate 
object th(‘ (‘volution of methods of control Avhieh A^ould (‘iisure 
the (‘conomieaJ ]u-oduetion of ])roi)(‘llant c\])losives of uniform 
(iharaet(*r, and as th(‘ outeonu* of this work la?’g(‘-scal(' e.xperinu'nts 
AV(‘r(‘ conduct (‘(1 by the T)ir(‘etorat(‘ of lTo]H‘llant Su))])b(‘s in eon- 
I junction with tiu* Ib'seaivh ])e])arlment of th(‘ Roval .‘\rsenal, 
Woolwicih. Th(‘ r(‘sidts of thtse experiments, which hafe b(*en 
admirably e()rr(‘hvt(‘d and summarisc'd by K. A. Punter.”" form a 
valuable source of information concerning the functions of the 
various trc'atments of (xdtou wast(‘ for nitrocottcjii inanula(!tur('. 
It is shown that, using wastes (‘omjiosed of cottons ha\ing wid(‘lv 
ditTei'ent colloidal ])ro}K“rli(*t:J, it is ]> 0 !».sible, by the employnu'nt of a 
sufticiently drastic soda boil, to obtain a normal resistant c(‘llulost‘ 
of uniform size' ol aggregatt*. from which a nitrocotton of cor]‘cs])on- 
ding colloidal pro])erti(‘s can be pr(‘par(‘d, this resulting in ultimate^ 
(lonseiwation solvent in the preparation of the finished corxlite. 
The Avo»k affords an instance of* the a]>plicati(>n* of organised 
research to large-scale jiroduction. 

An aj)])aratus foi' the ])roduction of disjiersoids by mt‘chanical 
degradation has b(‘efi devisi'd by H. Plauson, and is described by 
('. Naske.'”" The possibilities of this ‘‘ colloid nfill " are dealt 
'i^th by th(‘ inv(‘ntor,’”‘ who claims that it Avill provide an iMij>rov(‘d 
process of preparing (vllwlose solutions. Tn conjunction Avith 
S. A. Viell(‘,’”- h(‘ ])atents a method for the production of colloidal 
suspemsions pf (u*llulose by m(‘chanically disintegrating the substance 
in media of lo<f (‘lectrical conductiAnty. P. P. von W(‘imarn 
considers that tin* dispersive' ac,tion, like the swelling of cellulose 
by aqueous salt s(*>lutions, is dependent on khe activity of the 

Ghcni. Sor. Tram., 1920, 117, 47:k 479# J., 19?0, 541a; V., 1921, 172t. 
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Wfitcr of liy( 1 rill ion* assoc iaWl wifli tlu^ siill. Tla* solubility of 
(•(‘llulose in solutioji>^ (jf iilkali jind alkftliry ‘-earth salti^ lias lu'cii 
i‘xaniine(|,by 11. O. Hcjv.og and F. who also find it to be a 

fiJiKition of tlie hydratmn •)f tb(‘ ions of the i‘es]>ectiv(‘ salts, whi(;h 
they ai ran<^(‘ i^^ the foiTow inj^ ord(*r^()f aetivity i " K < Na 

Li ; 15a ' Sr ' ('a ; 2 S ()4 ' (*1 ■ lir * I * (*NS. Lhey have; 
examined a lar^(‘ nunilx'r of sjdts und(‘r diflen'iit e.onditions, and 
define th(‘ viirious recjuiienu'nts to b(‘ fulfilled by salt* solutions for 
swelling and solv(‘nt action. 

OiK' of th(^ most im])ortan1 I'cseai’clu's cai*rii‘fl out dur ing the: year 
on th(‘ sidiject of C(‘llulos(‘ soiidiility, is that of H. F. Williams,'"^ 
who, in examining th(‘ s(>l\j‘nt .iction of the nu'tallic. thiocyanates 
on cellulose, finds that the ])rocess is governed (‘iilirely by the 
])hysical c^ndifion of th(‘ sidf, which must lx* a li(|uid hydrate*- - 
an ass(X‘iated mok'culiir <*om])l(‘\ of sidf aiuf Wiit(‘i-, bfiving a suit- 
able boiling ]X)int, a viscosily alxne a (h'fined minimum, and a 
positive* he'at of elilution be‘tw(*(*n errtain fixed limits. He de'als 
with a large* numbe'r of e*x]x*i’im(*nts on the* aedieai of the various 
fhi<K'yanate*s ein e‘e*llule)se*. Me*r‘e*e‘rising {inel ])areiinu*ntising e*fFe‘cts 
may be obtained by the tre*atme*nt eif cellulosie^ mi'iteiial with thiei- 
e'yaTiate* seilutieuis unele'r suitable* e'eaulitions. anel the ])re)ex‘ss is likely 
to be* e)f (X)nsiele*rable‘ induslrial iiVvre'st. Tht* the‘oi'etical ee)nsielei*a- 
tie)ns em which he* e*x])lains many e)f the ivsults eibtaiiu'd will be; 
publisheel sheirtly. A jiatent \^hich may be of interest to those^ 
e‘e)nee*rneei with the* ]>r(xlue*tion of e;e*llule)se solutions is that of 
Z. Ostenberg,''”' w he) elissolves the* material in a mixture* e;e)ntaining 
calcium chloride and sulphuric aciel eif merr'e* than (>()% strength. 

The subje*ct i)f,the inflammability e)f ce*llii]e)sie* m,aiterials is of 
inte*re*st f j-dm the‘<;)oint of view^ e)f fextile*s and i)a])e*rs. An im|Toi*tant 
i’e'se*arch*on the conditie)ns ge)ve*rning the sme)ulde*ring e)f cellulose; 
has be‘«ii carried e)iit by H. v. Euler anel K. 0 .Jose])hse)nJ'‘' wdu) 
fine! that e;ellule)Je, which will ne)t smoedeler in*air, may be^ made; 
te) elo so by aelditie)n erf suitable* amerunts oi salts, j)re*fe*ral)ly lithium 
and ])otassium cernprerunels. The* jrrerbleun has be^en examine‘el fiw 
iernie; consiek'ratierns. Tt is feriinel that e*hl?)rine inhibits stnouleleu'inf 
anel that perlyvalept ions, whie*h arc incafrable erf e;ausing smoulelcr- 
ing, may incre‘ase* inflammability. 

ConsiUulion. 

A consiele*. i^ble; ame|j|int ert*imperrtant werrk has beei* cairie;el out 
eluring the year on the cernsfltutiern of ce'llulerse*, anel erf the carbo- 
hyeirates associated with Uiis substance* in nature or.proeluccd 
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from it as the result of degradation, processes^ Various modes of 
attack have hf^en directed towards arriving at a definite view of the 
configuration of the cellulose molecule em]Aoying chemical methods 
of investigation, hut the r(*sults obtained are in many cases so 
conflicting as ,to kvivc* the impression tlti,t the problem of the 
constitution of cellulose will continue to oc(;u])y the attention of 
(^liemists for many years to come. It is to be legrc'tted that, with 
the ex(a*])tion of one or two investigations of fundamental impor- 
tance, little appears to have been dom^ on the subject from the 
physical and physico-chemical ])oints of v'u'w. 

Scht'irer, in an ('arly papt'r,^”** found that ct'llulose aj)])eart‘xl to 
consist ot a }]et(‘r()gen(‘ous arrangement of molecules wlien examined 
by the X-ray nuthod for crystal structure. Tn more recent work 
R. 0. H(‘rzog and W. Jancke,’"’’ who have examined ceVulose along 
w'itli othei' oTganic; substanc(‘s of high molecular (H)m])lexity })y the 
X-ray spectrograpliic method of Debye and HehfTrer,^*'* state that 
the I’esults obtained in th(‘ cas(* of celluloses from cotton, ramie, 
and wood, (uddence tlu' exist(*nce of a rhombic system with an axial 
ratio ()-0035 : I : 044fi7. ThV examinatilin was cairied out with 
rods ot coinpreii'sed c(‘llulose powders exposed to radiations from a 
specially constructed Coolidge tube with a coppei* aniicathode. 
Tlie cellulose p(»w ders\‘mployed were all of low' ash content (cotton 
0-03, ramie 0*()3. and wood 0-1% ash, respectively) 

K. Hess and kb Messmer,^'- in*‘examhling the optical activity 
of cu])ramraonium solutions of cellulose, confirm the work of 
Le-vallois. (Vllulos(‘ is found to have a high sj)ecific rotation 
[a]— - 050"’ to lOOO'b whil(* regenerated cellulose in solution in 
concentj'at(4>h vd]ochloric acid, and rwious erdlylose derivatives in 
ethercVil, aqueous-alkaline, and neutral salt solutions arc inactive. 
Cellulose is stated to possess lakmt asymmetry, similar^ that of 
the lower (;aibohydrat(‘s such as mannitol, w^hich only becomes 
optically active in aqueous solution when borax* is added. It is 
assumed that the action of the cu])rammonium solution is analogous 
•>^to that of borax. 

In the ci'>urse of a comprehensive summary of available informa- 
tion bearing on tiie constitution of cellulose, R. Hibbert,^^'^ after 
discussing* th^relative merits and demerits of the formulae proposed 
by Tollens, (d’oss and Bevan, Vignon, Green, and Barthelmy, deals 
with the formula^ aVlvanced b^ himself, which is similar to that of 
Vignon, in l^hat both represent intramolecular condensation of the 
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aldehyde group of dextrose \^ith t^o of its hydroxyls, but which is 
of doubtful valu^ of more reqpnt work on the subject : — 


CH.OH— CH CH, ^ 

\ V \“ I 

• 0 0 


I CH.OH— CHOH—CH 
Vignon. 


CH2.OH 

— in — O 

CH.OH— CH.OH—CH ) x 
Hibbert. * 


In a continuation of the article he reviews the most important 
reactions of cellulose and the formation of cellulose derivatives and 
degradation compounds, from the point of view of his formula, 
suggesting a new type of synthesis for a substance which he con- 
siders closely allied to the cellulose nucleus as represented by this 
formula. 

Ho criticises the work of K. Hess and W. Wittelsbach,^^^ with 
whom he fails to agiee on several points. The Hess-Wittelsbach 
formula, which represents cellulose (in ground structure) as a penta- 
dextrose glucoside of glucose, is selected on the assumption that a 
constant ratio exists between the amounts of octa-^cetyl cellobiose 
and penta-acetyldextrose formed when cellulose is acetylated under 
certain conditions. Hibbert cont^ds that the results obtained 
by Ost in earlier work and the variations in the values secured by 
Hess and Wittelsbach do not support th^ view of a constant ratio 
between cellobiose octa-a-^etate and dextrose penta-acetate for- 
mation. K. Hess and E. Messmer,“® in the course of further 
work in support of the above formula, which, based on the Fischer 
formula for tannins, assumes the existence of an ether- Hke complex, 
have succeeded* ill synthesising similar complexes by condensing 
sugars w^pi somh of the higher fatty acids. 

Cellulose being a particularly non-reactive substance, forming 
ill-defined derivatives, one naturally turns to its simpler degradation 
products for evidence which will throw' light on its constitution 
In this respect, cellobiose, bearing as it does much the same relation 
ship to cellulose as maltose does to starch, in that it is^formed ai 
the result of the bacterial and enzymic degradations of cellulose,^^ 
presents an excelMit starting point, and is now receiving the carefu 
attention of chemists ; much excellent work is beiil^ carried ou1 
on the subject. W. N. Haworth aud E. L. Hirst, following up 
the earlier work of Haworth ^and Lcitch,^^* in wlfich the following 
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formula for maltose (I) was es^^ablished and a provisional 
formula (fJ) for cellobiose suggested, have now obtained experi- 
mental proof in support of the latter formula : — 


■CH o CHj 

CH.OH CH.OH 

CILOH |“CH 

CH 1 CH.OH 

() • 

CH.OH CH.OH 

CH,.OH „CH.OH 

Maltoso. 


,CHa.OH 


CH 0 

-CH 

CH.OH 

j-CH 

CH.OH 

CH.OH 

0 • 

CH 

CH.OH 

CH.OH 

Lch.oh 

CHgOH 



II. 

Cellobiose. 


They have devised an improved method for the luc^paration of 
cellobiose in the form of its monopotassium derivative by acetolysis 
of cellulose followed by hydr^^lysis with alcoholic potash,* and have 
methylated the ^product in two stages, obtaining a new derivative, 
heptamethyl methylcellobioside. By hydrolysis of this substance 
with dilute hydrochloric acid tli('y obtain tri- and tetramethyl- 
glucoscvs of the butylene oxide tyi)e, the former being identical 
with the trimethylglucoses previrmsiy isolated from methylated 
lactose and mt'thylatcd'cellulosc.^^i From a consideration of the 
results of lludson,^-^ who examined the optical properties of lactose 
and cellobios(‘, it is probable that these two hexoses are structurally 
and stereochemically similar. Cellobiose is thereforcj considered 
to be, a glucose-^-glucoside. 

■J^he grou])ing of hexoses in the cellulose molecuie is sti^l a matter 
for discussion. According to Haworth and Hirst there is evidence 
of a structural linking for the part of the glucose gonstituerit of the 
type (III) which is linked with other residues trough both the 


£ 

A 


3H.CH(0H).CH(0H).CH.CH.CH20H 


(HI.) 


reducing group and the hydro^iyl group attached to the fifth carbon 
atom from the reducing end of the* hexose chain ; this view is 
contrary to the opinion of Sarasin,*'® who regards cellulose as a 
polymeridc of laevoglucosan. 


Ihid., 1918, 113 , 188. 

121 Ihid., 1914, 106 , 2364. 
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The problem of the constiJ^utioif of ccllobiosc is also interesting 
investigators abroad. P. Karrer and If. Widmor^-^ have studied 
the conditions govcriting the acctolysis of cellulose (whereby 
cellobiose is obthinAl as the octa-acetatc) with the idea of deriving 
precise information cAicerning the maximum jiroportion of cello- 
biose obtainable from cellulose. iVy find that tlie low yields of 
octa-acetylcellobiose obtained on a(^etolysis of (cellulose at a high 
temperature (105“ 0.) is due to the facd that 70% of 4hc substance 
is decom])osed, after formation, by the acertylysing mixture. They 
suppose tJiat cellobiose complexes probably exist in cellulose to the 
extent of 50%, which is incompatible with the Hess-Wibtelsbach 
formula, ri'quiring as it does ( nly 33% of ]ire-foim(Kl cellobiose. 
Lak‘r^“^ they point out that the first ste]) in determining the consti- 
tution of (iellulose is to attach fhat of (cellobiose, which they com- 
mence to clo by examination of its methyl* derivatives, obtaining 
h(cptamethyl-j5-mefhyl(celIosi(le (heptamethyl methylcellobioside). 
The methods em})]oye(] in the preparation of this substance are 
similar to those adopted by Haworth and H irst, but in its subs('quent 
hydrolysis ^“Hhe authorif make use (ff the formation of anilides in 
the separation of tri- and tetramcth>'l-glucoses. • Like Haworth 
and Hirst, they conclude that c(‘llobiose is a glucose-/?-glucoside 
(5-^-a-glucosido-a-glucose). Jn^\^(‘W of 4h(\se facts interesting 
rt'sults are quotced by M. BrTgmann and H. Sehotto,^-’ who, by 
oxidising cellobial v ith ])erbenzf)ic acid, obtain as the final product 
5-glucosido-mannose. In a subsequent article M. Bergmann^^* 
puts forward a new formula for cellobial based on these observations. 

K. Freudenberg^-^ finds that octa-acetylcellobiose is decomposed 
by acetolysis at ordinary temperatures, with formatijjn of acetyl- 
glucose t(j the (‘xteent of 30% of the original substanoe. He 
concludar^ that, making allowances for the fact that this probably 
occurs during the acetolysis of cellulose, it may be reasonably 
supposed that ccVlobiose residues form 60% of thlc cellulose complex, 
even though thc*highest yields of the octa-acetylcellobiose obtained 
duringlcoHulose acetol ysis arc much below this figure [Madsen , 43 

In the (jourse of work on the acetolysis of carboli^drates, P. 
Karrer and (^. Naegcli^^^ converted diamylose and starch into 
acctobromoinalto^e by treatment with acetyl bron^de under 
suitable conditions. M. Bergmann and F. Beck,’^^ xi%ng a mixture 

Heir. (Jhitn. Act<^, 4, 174 ; fL, 19!*!, 342 a. , 
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of acetyl bromide, hydrobromio acid, and acetic acid similar to 
that employed by Karrer^ and Naegeli in some of their investi- 
gations, have obtained" complete convcrsiori of starch and maltose 
into acetobromoglucose, hut only a 40% conversion in the case of 
cellulose ; they are at present investigati^jg the latter reaction. 
P. Karj or and P. Widmer,^"*^ in a later paper, give results of experi- 
ments in the treatment of cellulose with acetyl bromide in presence 
of glacial acetic acid, in which they obtain a j)aj’tial conversion into 
acetobromocellose and •acetobromoglucose, the greatest yield of 
acetobromocellose being 20%. They ar(^ unable to obtain any 
information as to whether c(‘11u1ohc is a condemsod anhydro-sugar 
or chain compound. 

In a review of work previously carrii'd out on the hydrolysis of 
cellulose, J. 0. Irvine and C. W. Soutar^^^ point out that the yields 
of dextrose hitherto claimed by various (hservers have not been 
based on the actual amount of the sugar or of a dc^tinite derivative 
isolated, and are therefore unreliable. To determine if cellulose 
is essentially a polyglucose anhydride yielding a theoretical amount 
of glucose on hydrolysis, they have subjiicted cotton ceilulosc to 
acetolysis, hydrolysccl the polysaccharide acetates formed, and by 
methylation of the products of by(h'olysis, have obtained a total 
yield of pure crystallirre methjdgljicoside amounting to 85% of the 
quantity theoretically possible if cellulose is composed entirely of 
dextrose residues. The .complete elimination of the dextrose 
residues from the polysaccharide was accomplished with varying 
degrees of difficulty, and this fact is instanci^d as evidence of the 
non-uniformity of the dextrose linkages. It is presumed that the 
cellobiose constituent is tlie part of the cellulose molecule most 
resistant to hydrolysis. * ^ 

A. Wohl and K. lllumrich,^^^ in studying the action^f dilute 
hydrochloric on cellulose, obtain indication that two suh.stances 
are produced — glucose and a higher carbohydrate — the latter 
being capable of further hydrolysis. In a continuation of the work 
Wohl and A. KrulP®* have hydrolysed cellulose in two stages 
by first trexi'ding with funiing hydrochloric acid, followed by boiling 
with dilute acid, and as a result of this treatment obtain a yield 
of a reducing sugar corresponding to 97% of the theoretical amount. 
A result very similar to that noted by Wohl and Blumrich is obtained 
by Y. Kauko,^^’ who, by employing moist hydrochloric acid gas 
as his hydrolysing agent, obtains alovg with 'glucose an unknown 
carbohydrate, which on further treatment in an autdUlave is trans- 

•^•33 Helv. Chim. Acta, 192], 4, 700 ; J., 1921, 764\. 
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formed into glucose.* Ho assmnesiliatthe cellulose forms an additive 
compound with hy(Ji'«chloric acid during^ the first sthge of the 
hydrolysis and hopes to obtain cv(‘ntually a quantitative hydrolysis 
of cellulose by incn^asing the amount of hydrocJiJoric acid emj^loyed. 

In examining results juoviously ^obtained by 0 *<t and Wilken- 
ing,^®® G. W. Monier- Williams,^®® emjdoying their method of hydro- 
lysis with 72% sulphuric acid, lias sue-eeeded by caredul treatment 
of the products of hydrolysis, in isolating a yield ‘of crystalline 
glucose corresponding to nearly 91% of the amount theoretically 
obtainable. This result is interesting in view of the observation 
made by Irvine and Soutar, and in that such a high yield of crystal- 
line glucose has never been pre 'iously obtained by the hydrolysis 
of cellulose. 

K. Hess^ W. Wittelsbaeh, and E. Messmer^^^’ have extended 
acetolytic methods of examination to the etliyl ethers of cellulose, 
isolating and examining the products of the reaction. Tlu’y find 
that in tlu* first stages of the breakdown, gradual depolymcrisafion 
of the molecule takes j)laee, and put forward some interesting 
theories of probable changes analogous, they suppose, to those 
occurring when cellulose is trc‘ated vith •cuprammonium 
solution. 

The production of methyl derwatives of bellulose and starch by 
Denham and Woodhouse^^^ opened up a new field in cellulose 
chemistry, and the subsequent ^■csearchoB by various investigators 
on these compounds and their hy^drolytic cleavage products has 
done much to broaden our (conception of the probable structure 
of the cellulose complex. In continuation of earlier work, W. S. 
Denham^*- has^nyw succeeded (by repeated methylation of alkali 
cellulose, ysing dimethyl sulphaTe) in producing methyl el^iers of 
high metifroxyl content (up to 44-6% OCH 3 ), closely approximating 
to that^of the theoretical tilmethylcellulose (45*G% OCHg), with 
a minimum degfadation of the cellulose as evfdenced by the low 
copper reduction figures and retention of fibrous structure. Hf 
finds thatr introduction of the methyl group into cellulose does noi 
confer solubility in volatile solvents, afi(l that with increase ii 
methoxyl content, the solubility of the material in cuprammoniun 
solution decreases. Products containing 40% OCH 3 ai‘e ^ompletelj 
insoluble. 

In connexion with the preparatiofi of the higher alkyl ethers of 
cellulose, it is interesting to note that L. Lilienfeld^‘®^as patented 
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a method for the production of 'the more highly alkylated methyl, 
ethyl, beniyl, t‘-tc. ctl|ers. of carbohydrates ^including cellulose, 
starch, dextrin, licheiiin, and inulin) by further alkylation of the 
lower alkyl comj)ounds in absence of, or in presence of only small 
amounts of water, regulating tlie amount <_)f aUcali, emj)loycd. 

It will be rememb(Ted that Pictet and his co-workers^^^ have 
provided new methods for the degradational examination of carbo- 
hydrates by distillation in ixwuo. J. Reilly, employing 
Pictet’s method, lias subjected metliylcelluloses to vacuum distil- 
lation. A series of these substances, prepared by the method of 
Denham and Woodhous(‘, and containing respectively 25‘3], 28*1, 
33-4, and 43-7% methoxyl (the first three produids c corresponding 
aj)proximat('ly with di-, and th(‘ fourth with tri-methylcellulose) 
were examined. The compound containing 28*1% of methoxyl 
' gave on distillation rf()% of a jiroduct ajiparently containing a 
dimethyl-L'cvoglucosan. winch, when hydrolysed, yicided dimethyl- 
glucose. Reilly regards this fact as supporting Pictet s \ iew^s that 
the cellulose molecule contains a hcvogliicosan grouj>. 

The subject of hevogluco.4an is still ’receiving atteiition. J. 
Reillyi^® has obkiined this substance by the vacuum distillation of 
sucrose. A. Pictet and J. Rcully^^’ have ])r('paTed licvulosan 
and have examin(‘d certain of its pro^ierties, obtaining a trinitrate, 
a triacetate, and a tribenzoate, facts wiiich })oint to the existence 
of three hydroxyls of alcoholic charaVTer in tlie molecule. Questions 
bearing on the structure of the anhydro-sugars closely allied to 
laevoglucosan and on tlu‘ properties of tliesc compounds have been 
investigated by A. and J. Pictet, P. Karror, P. Widmer, and 
A. P. Smirnoy,!^® and P. Karrer.^®® A new method for the prepar- 
ation of la?voglucosan, wdiich, j)rlor to its isolation by Pictet in 
the distillate from carbohydrates, had only be(ai obtained by 
hydrolysis of certain glucosides, has been devised by P. Karjer and 
A. P. Smirnov,^®^ ^^ho by treatmimt of acetobromoglucosc with an 
alcoholic solution of triraethylamiiie, followed by Saponification of 
•‘^j^he acetyl groups w ith an alkali or alkaline-earth solution, obtain 
a quantitative yield of tMs suostance. 

J. C. Irvine and J. W. H. Oldham^ examine the relationship of 
laevoglucosan to glucose and to cellulose. In’ a critical review 
of Pictet’s Work, they point out that owning to the complexity of 
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changes occurring 4uring the decotoposition of carbohydrates by 
heat, it is not reasonable to suppose that the degradaticgi products 
obtained bear definite^ structural relatioiffehips to the original 
substances examined and that the views of Pictet, who supposes 
that cellulose and stardij are polymeridcs of laevoglucosan, and who 
proposes radical changes in the accejtted formulae forcertain natural 
glucosides, are not justifiable. Assuming that, as Pictet suggests, 
cellulose is a polymerised Isevoglucosan, trimethyleellulosc must 
be regarded as a polymeride of trimethyllaevoglucosan, in which 
case the trimethylglucoses obtained by hydrolysis of trimethyl- 
cellulose and trimethyllaevoglucosan will be identical. The authors 
have prepared and examined these substances and find that the 
trimethylglucose from trimcthylcellulose is totally different from 
that obtained from methylated laevoglucosan prepared by Pictet’s 
distillation* method. As the result of thclfee and other investi- 
gations, they are ot the opinion that there is no structural relation- 
ship between cellulose and laevoglucosan. They show that laevo- 
glucosan is 1 ()-^-glucose anhydride, and- suggest the expression 
“ ^-glucofcan for the elder name.* They agree with Pictet’s^ 
formula for the substance with certain reservations, pointing out 
that his explanation of the isomerism displayed by the so-called 
d- and Z-glucosans, in which he regards both anhydrides as derived 
from the same form of glucose, is*most im probable. They suppose 
the f/- compound to be an anhydride of^a-glucose just as the I- 
compound is now shown to be the 1 .0-anhydridc of /^-glucose. 

One of the most recent papers dealing with the general aspect 
of cellulose constitution is that of A. C. von Euler,’ who, in the 
course of a discussion on the salient facts bearing on the subject, 
puts forward n^w* formulae for both cellulose and cehobiost^ Two 
modificajjons of the cellulose formula, which, though containing 
the p-dioxan ring of Green’s formula, admits of a chain of hexose 
molecuTes of anyjdcsired length, are proposed, it may not, however, 
satisfactorily explain some of the points coimcctcd with the methyl- 
ation of «ellulose : — 

-CH— CH— CH — CH-OH CHg— CH— GH— CH — CM— ^H-OH 

(6)(i) OH 0H(a)0 (6)i C)H (!)H(a)(l) (6)0 OH OH 

^-_CH— CH— in— CH —CH-OH Lh^-CH— i)H— CH- 

h . 

-CH— CH — CH— CHa * HO -CH— CH-CH— CH— CH— 

L)H 0H(a)6(a)l) OH OH ;5»)C) (6)1) (^H i)H(a)(!) (a)!o OH OH 

(Ih^— 6h— in— in — in— iH-OH (^h^— (^h— c!h--Jjh- 

ii. 
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Two types of oxygen linking are, represented in the formula, 
(a) being of the ether type, and (h) a semi-acetal combination, 
which, on addition of tine elements of watef (and subsequent fission 
in the latter case), would split to give : CH*DH'+ -CH'o.OH and 
:CH-OH + respectively. / ^ “ 

Cellobiose is represented as 


(CH'OH),— CH : () 

OH OH OH («)i 
djH,.— in— OH~CH— CH— CH-OH 

1 0_i 

which, it will be noted, is similar to the formula proposed by 
Haworth and his co-workers,’ with the exception of , the type of 
oxygen linking and tfie arrangement of tlie carbonyl gioups. 

Celhilose Degradation Products, 

The facts relating to the formation aqd properties oi cellulose 
mucilage have been extensively examined by J. E Minor.’'^® It 
has been sugg&ted that hydrocellulose is a cellulose’ aggregate 
containing adsorbed jjroductsi of decomposition. Mucilage is 
stated to differ from hydrocelluiose in that it contains a larger 
proportion of soluble adsorbed dc:jctrins, and in its formation the 
presence of these substances is assumed to catalyse the hydrolytic 
decomposition of the parent cellulose. It has a highly-colloidal 
character and its probable formation during the dyeing of cellulose 
materials may explain some of the effects obtained. 

The assuftiption that hydroccllplose is an aggr egate of cellulose 
and c^lodextrins is refuted by H. Ost and R. •Bretscjineider,’” 
who, as the result of experimental evidence, consider it to be a 
normal decomposition product of cellulose ; this view is supported 
by H. Pringsheim,’®® who, from consideration of « the most recent 
work on cellulose structure, suggests that the hydrolytjc rupture 
bi the anhydroglucose ripg would give rise to reactive products 
such as hydro- and oxy-cellulose. C. G. Schwalbe and E. Becker 
bave examined the properties of three varieties* of hydrocellulose 
and find tfijs^ substance to be less acid than oxycellulose and to be 
more easily attacked by alkalis. They have also investigated the 
resistance to alkalis', copper numbers, furfural yields and acidities 
Df four varieties of oxycellulose, corrldating, the results, and note 
that whilst the amounts of furfurW produced are practically 
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constant throughowt the scjics, ifiarked variations arc observed 
in the case of the other three factors. It claimed that oKycelluloses 
of both acidic and jfldehydic characters have been identified. 
They have made fbrther investigations on the action of barium 
hydroxide vm^oxycellAose, K. Becker having shovvn in a previous 
communication^*’" that oxycellulok‘-barium compounds can be 
formed, and employed for the recognition of the substance. A 
new test for oxycellulose^®^ is suggested, based on the fact that 
when suspended in water it reaeds (Mthei* alone or in presence of 
sodium chloride, with methyl orange, producing a (;oloration which 
varies from orange to dark red. This n'action, Avhich is not shown 
by normal cellulose or by hj d. ociBulose, has been employed as a 
quantitative method of estimatioii. 

A. J. describes a modilieation of the well-known silver 

reduction test for oxyeidlulose, which is clairiK'd to give good 
results for the detection of this substance in cotton fabric. In 
examining the action of diazotised aromatic amines on various 
substances, A. E. E\(‘rest and A. J. HalB®" stat(‘ that oxidised 
cellulose is capable, of redacting with^liazotised amines of the benz- 
idine type to form azo-compounds, a reaction not f#hown by normal 
cellulose. 

E. Knecht^®^ has examined tlu‘ dyeing projiertics of an oxycellu- 
lost^ obtained by oxidation of cellulose with potassium perman- 
ganate and sul])huric acid, notmg that When dyed from an alkaline 
bath it destroys dhect cotton dyc^stulTs, without taking up any 
colour. It is dyed, however, by non-reducible dyes of the Primuline 
type, and on prolonged boiling in these solutions is removed. The 
dyeing proper tje^ of this i)articular oxy cellulose may» be restored 
on treatjig wi^'rb stronger solutions of alkali. In a subsequent 
paper with F. P. Thompson^®® he states that cotton tendered by 
sulphusic acid shows the dyeing reactions of oxycellulose, 
the effect being JJuc to the fixation of sulphur in some form by the 
cotton. It may be* distinguished from oxycellulose in that its 
fibrous structure is destroyed, its affinity for basic dyes is increasedf^* 
and on boiling with sodium hydroxide sofution its affinity for direct 
cotton dyestuffs not restored. 

The action of hydrogen peroxide on cellulose haf^bc^n investi- 
gated by R. Haller,^*® who finds that most vegetable fibres are 
degraded on prolonged immersion in*30% solutibqs of this substance. 
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He establishes the formation of a ce,lluIose peroxide as an inter- 
mediate product in the reaction, which may be accelerated by the 
presence of chromium and certain dyestuffs. Alumina acts as a 
retarding agent, and its ifse in protecting fabrics against the des- 
tructive action .of laundering agents conta/Jiing peroxides is sug- 
gested. 

V. Lenher^®’ finds tiuit selenium oxychloride* does not attack 
cellulose or hydrocellulose* substances. 

JSehulze’s “ hemicellulose ” theory is discussed by E. Salkowski,^®® 
who, in the courses of a criticism, emphasises the* need for a clear 
definition of the tt*rm. In an article on the examination of cellu- 
loses, E. Lenze, B. Pleus, and J. Mueller adv ocate det(*rmination 
of oxy- and heniicellulos(*s in special circumstances. Hemicelluloses 
are (estimated by hydrolysis, followed by separation of the mannose 
as the p-bromo])henylbydrazone, and the oxycelluloses obtained 
by diffeix'iice afU'r remov al of the hemicelluloses. Tlu* occurrence 
of hemicellulos(‘-splitting enzymes and the processes involved in 
the animal digc'stion of hemicelluloses are dealt with bv A Ripi)el.^’® 

A. Krogh and H. 0. Hchn!idt-Jens(*n^’*' have ijiv e^tighted the 
fermentation of vt‘llulosi* in tlu* paunch of the ox ; their t(‘chiiique 
is criticised by W. Klein. 

J. Groenewege^’''^ in ’investigatipg th(^ 'bacterial degradation of 
cellulose, atti ibutc's decomposition to the enzyme cellulase. The 
bacterial decomposition of hemiccHuloses - has been examined by 
T. Shimizu.’"* 


Cellulose Ethers, Esters, etc. 

The prepa^^ation of c.ellulose ethers is one of the most interesting 
developments in ccUulose chemistfy during recent^ years. 

Reference has already been made to the mort^ reC(mt%7ork on 
the chemistry of these substances, to a discussion on their ;^pssible 
employment in artfficial silk manufacture, and te the patent of 
L. Lilienfeld.i’® 

H. ]Ireyfus has protected methods for the production of* cellulose 
ethers suitaVle for the mamifacture of celluloid -like masses, kinema- 
tograph films, varnishes, and the like,^’® by suitable treatment of 
specially-pi^*pared alkali cellulose with dialkyl sulphates or alkyl 

J. Amcr. Chan. aS’cc., 1^21, 43 , 3.3. 

Z. phyM. CherA., 1921, 114 , *31 ; J., 1921, 4G5a. 

J. prakL Ghem., 1920, 101 , 213. 

Landw. Versuefut-idtat.. 1921, 97, 179 192^, 824a. 

Biochem. J., 1920, 14 , 080. 
i-’* BiocJtem. ZeiU., 1921, 117 , 67. 

Med. Qcneesk. Lab. Weltevreden, 1920, 163 ; J., 1921, 76a. 

”* Biochem. Zeits., 1921, 117 , 227. 

E.P. 149.320: J., 1922. 53a. 
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halides, and suggests the use alk>^ated aromatic sulphonamides 
as solvents for these bodies. He also deji^iribes the preparation of a 
new class of cellulose derivatives obtained by the action of halogen- 
ated glycols, polyhytlric alcohols or their ethers on alkali-cellulose, 
whereby the rt|^idu(i inftjoduced into tlie cellulose molecule contains 
one or more hydroxyl groups.^’** 

Cellulose ethers appear to form suitable bases for the production 
of plastic masses having high insulating power, great stability , and 
possessing water-resisting j)roperties. G. Leysieffer^’® })roposes 
to employ them for the manufaciure of electrie.al insulators, and 
the Bayer claim that when ii^corporatcnl with tlu* oily or 

resin-like condensation cornjKj inds obtained by the action of 
halogenated alkylbenzenes on aromatic hydrocarbons, the resulting 
j)roducts are suitable for the prcpjiration of insulating materials, 
varnishes, and for us(‘ as w^aterproofing agents. 

K. 0. Herzog, A. Hildesheimer, andF. Medicus^®’ deal with the 
]>roductioi. of nitrocellulose films and varnishes with special reference 
to the use of solvents and softening agents and their efi'ec^t on the 
physical SharaettT of the'hnal product. In an interesting and fairly 
comprehensive article, L. Clement and (Uliviere^^-^liscuss cellulose- 
ester varnish technology, with rc^gard to the })roducti<'n of varnishes 
for many specific purposes, ami give methods for the analytical 
examination of these products 

W. L. BaiTiett^”^ obtains clear and , 5 ;olourless acetylcelluloses, 
wdth minimum decoinposiiion of the x>arent complex, by acetylating 
with mixtures of acetic acid and acetic anhydride, using as a mixed 
catalyst, chlorine and sulphur dioxide. By varying the ratio of 
chlorine to sulphur dioxide, and controlling the temperature, the 
degree of ^cet yiajron may be regelated. Details of a method ior the 
analytiew hyd.’olysis of cellulose acetates are givt'n. 

The Verein i. Chem. Ind. in Mainz describe methods for the 
acetylation or esterification of cellulose, or fechly nitrated cellulose, 
under conditiontS which allow of only a minimum of liquefaction 
of the product of the reaction during the treatment. 

Methods for the production of chlwoform-insoluye cellulose 
acetate arc protected (as an addition to an earlier patent^®®) by 
the Soc. Chim. des Usines du Rhone and others.^®® ^ 

E.P. 164,384, 164,385, 164,386 ; J., 1921, 540a. 

E.P. 166,767 ; J., 1921, 654a. * 

1’® E.P. 156,762 ; X, 1921, ^32a. 

G.P. 3*5,476; J* 1921,ii77A. 

Z. angi'W. Chem., 1921, 24 , 57 ; J., 1921, 22oa, 

182 Chi 7 n. et hid., 1921, 6, i?83. 

183 j., 1921, 8 t. 

i8« G.P. 335,359 ; J., 1921, 505a. 

186 E.P. Is, 696 of 1914 ; F.P. 473,399 ; J,, 1915, 488. 

i8« E.P. 146,092 ; J., 192*1, 765a. 
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Interesting investigations of the action of liydrazines on cellulose 
acetate have been made \>y W. L. Barnett.^®’ By heating di- and 
tri-acetylcelluloses with phenylhydrazine ‘or ^j-bromophenylhydr- 
azine, in suitable solvents, lu^ obtains compounds of the ketose- 
hydrazone typ^, of definite fiiolting point/^ From .a study of the 
nitrogen and bromine contents of these substances he assumes that a 
progressive degradatitm of the cellulose compk'X takes place, and 
that by rupture at the oxygem linkages, compounds containing 
active ketonic groups pi’oduced. 

The British Cellulose Co., J. F. Briggs, and (\ W. Palmer^®® find 
that treatment of acetate silks, in various forms, rvith solutions of 
thiocyanates (ammonium thiocyanate is special!}' mentioned) 
results in increase of the absoi-jitiv(‘ power of these materials for 
dyestuffs. In a later patent, the British (‘(‘llnlose Co. and J. F. 
Briggs ^®®claim to increase the affinity for dyes of articles made from 
the lower acetates of cellulose', by subje'cting them to a superficial 
hydrolysis with alkalis. This may be effc'cted during dyeing, 
by addition of caustic soda to the dyebath (using dyes which are 
not affected by this reagent), hr may be eaVried out prior to dyeing. 
It is stated tha^t any desired shade of colour may be obtained by 
varying the degree of hydrolysis. C‘repc effects aiv stated to' bo 
obtained on filaments and threads of acetate silk by trc'ating them 
with solutions of ammonium thiocyanate or acetic acid under 
suitable conditions.^®" ^ *• 

There arc few developments to record in connexion wilh the 
production, utilisati(jn, and properties of the nitrocelluloses. 

Graphical methods for the simplification of calculations involved 
in the prepji^ation of nitrating acid mixtures for thci manufacture 
of nitri»cotton are described by R.» A. Fowler.^®' * , * 

The employment of viscosity measurements as an indication of 
the stability of nitrocelluloses is proposed by J. Buclaux,^^®^ who 
finds that a relation exists between reduction in viscosity and loss 
of weight occurring when nitrocellulose is heated.* 

^ G. Carlsson and E. ThalP®® propose to reduce the vhcosity of 
nitrocellulose solutions by heating them in an autoclave, the 
required viscosity being obtained by regulation of the temperature 
and time pf heating. 

An interesting jiaper on the action of light on nitrocellulose is 
contributed by B. HQmolka,^** who states that nitrous acid, liberated 

iw J., 192V OlT.' 

E.P. 158,340 ; J., 1921, 213a. 

E.P. 169,741 ; J., 1921, 808a. 

E.P.^165,164. 

J., 1921, 166t. 

Bull Soc, Chim., 1921, 29, 374 ; J., 1921, 630a. 

E.P. 136,141 ; J„ 1921, 296a. 

P®* Phot. Korr.y 1920, 67, 239 ; J., 1921, 27a. 
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as the result of its. photochejnical •decomposition, can be detected 
with 9-aminophenanthrene (with whi(i|i it reacts to give 9.9'- 
azoxyphenanthrone)‘aAd makes use of tliTs fact to obtain a red 
photographic imagd on a specially-prepared collodion paper con- 
taining this indicator. \ 

Theories of nitrocellulose constitiilion are discussed and advanced 
by G. de Bruin,^"“ who also gives d(‘tails, with graphs, of experi- 
mental results bearing on eth(‘r-alcohol solubility, stability and 
nitrogen content, obtained during an examination of nitrocelluloses 
prepared on a technical scale. There is stated to be no relation 
between etlu'r-alcohol solubility and nitrogin content ; on the 
other hand, stability is fotmd lo decrease with increasing nitrogen 
content. The author makes reservations concerning the interpre- 
tation of these results. 

• 

Numerous patents have appeared dealing with the preparation 
of alkali-cellulose and tlie prt»duction of viscose therefrom, but the 
majority i*reseijt no very novel features. A process for the rapid 
manufacture of a matured alkali-ecdlulosc is outlined by A. Thil- 
many who propos(‘s *'to digest cellulose vith alkali in vacuo at 
a high temperature. (A L. Stulemeyer^*’ also claims a vacuum 
impregnation treatment in preparing alkali cellulose, and states 
that the acjtion may be accelcTated by iner(‘asing the gas pressure 
to 3-4 atmospheres aftc'r the initial vacuum digestion.^®® 

W. L. Barnett^®® has investigated tJhe action of chloro-acyl 
chlorides on cellulose and examin(‘d the properties of the products 
obtained. 

The Akt.-Ges. f . Anilinfabr.^“® propose to acetylate nitrocelluloses 
of loAV nitrogen c^aitcnt obtained by the combined action of nitric 
acid an^ nitrobenzene on cellulose, employing for the purpose 
acetic acid -acetic anhydride acetylating mixtures with bromine 
or othw suitable substances as (;atalyst. By ti'eating mercerised 
cellulose with cljoracetic acid or its horaologues in presence of alkali, 
the Deutsche Celluloid Fabrik of Eilenberg claim to obtain 
water-soluble salts of cellulose-acetic (or other) acid, which ar^ 
suitable for use as glue and g('latin substitutes. “ 

As in late yea^s the patent literature contains many claims for 
the production of plastics from cellulose esters, and a.j:ariety of new 
solvents for these substances are proposed. Amongst the more novel 
may be mentioned njethylene chloride, cyclohexane, its homologues 

I , 

Eec. Tfav. J921, <0, «.‘J2 ; J., 1921, 903a. 

G.P. 328,035; 1921, 175a. 

E.P. 167,199 ; J., 192l;‘ 689 a. Niederl, Pa-t., Cl. 29b, 13‘,798, 1919. 

E.P. 167,201 ; J., 1921, 689a. 

J., 1921, 253t. 

200 E.P. f45,624 ; J., 192], 577 a. 

201 G.P. 332,203 ; 1921, 344a. 
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and isomers, aromatic sulphonamidjps, and a variety of mixed 
solvents, ^^aphthenic acid and acetin (free from monoacetin and 
acetic acid) figure in certain j)lastic compositions. 

Wood, Straw, Etc‘ 

An enormous amount of information bearing on the science and 
technology of wood, and on the utilisation of this and allied veget- 
able products as a source of cellulose, has ajipeared during the year. 

The structure of pine wood has been exhaustively examined by 
A. Abrams, who, employing microchemical methods, has deter- 
mined the relative resistance of the various tissues to a number 
of reagents. 

The properties of lignified tissue have been the subject of further 
investigations. In in\'estigating the absorptive power of plant 
tissues L. Ilosenthaler finds tliat lignified membranes take up 
both ferric and ferrous salts, the former to the gri‘ater (‘xtent, 
whereas those composed of e(‘llulose do not absorb these substances. 
P. Casparis^*'^ has corapartHl th(‘ absorptive power of lignified and 
non-lignified cell walls for certain acids, bases, and salts, and suggests 
the use of solit'^ions of cobalt thiocyanate as a test for lignified 
matter, with wJiich it gives a blue colouration, ^ anadic acid is 
stated by J. Griiss**^”^ to n'ac^t with lignin, producing a yellowish 
brown colour, which is destroy c'd by ammonia, but may b(‘ intensified 
on treatment with chronre acid. The addition of i)hosphoric acid 
to the vanadic acid is said to aid the reaction. 

E. C. Crocker^*’® suggests that the colour reactions developed on 
treating lignified tissue with phloroglucinol and p-nitraniline are 
due to the prc'sence of aldehydes invariably associated with this 
materife^-l. It is stated that Maulc’s test may be dsed to distinguish 
between deciduous and <;oniferous woods. The formei^ develop 
a bright red, and the latter a faint brown coloration when sub- 
jected to the reaction. • 

The constituents of sulphite waste ly(‘, with Special reference 
to the mode of occurrence of a-lignin, have been examined by 
K. H. A. jyielaiider,^®" who, from analyses of the free, so-called 
“a-lignin sulphonic acid,” concludes that the existence of a well- 
defined sulphonic acid cannot be assumed. In h later communi- 
cation he gives details of the preparation of a number of com- 
pounds of this substance with, aromatic amino compounds, and 
concludes that its acidic character is due to the sulphur-containing 

202 J. Ind. Eng. Cfmn., 1921, 13, 786 ; J., 1921*7:Ua. * 

203 Deuts. Pharm. Oes., 1921, 31, 27. 

2®4 Pharm. Manats., 1920, 1, 121, 137, 153 ; cf. J., 1921, 343a. 

205 Ber. bat. Oes., 1921, 38, 361. 

200 J, Ind. Eng. Chem., 1921, 13, 625 ; .7., 1921, 654a. 

20' CeMuhscchcm., 1921, 2, 41 ; J., 1921, 465a. 

. 2o« 6() J J,, 1921, 621 a. 
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group. He is also, of the opinioif that a-ligiiin is a mixture of 
substances derived by degradation of a jiarent substance originally 
present in wood. * * • • 

Methods for the Isolation of lignin from winter-rye straw have 
been examined by H.*Peckmann, (). Liesche, and Lehmann,*®* 
who, from consideration of results bf molecular weight determina- 
tions, methoxyl estimations, and examination of various benzoyl 
derivatives, ascribe to it the formula (' 4 oH 44 ()ir., in which the 
existence of four methoxyl and four hydroxyl groups is assumed. 
The molecular weight is found to be 7()4*H, and tlie cfiuivalont 
weight, 382-3.*^® This latter result is subsequently discussed, 
in the light of his outi results by K. Paschke,-’^ vlio finds that 
lignin obtained from straw by treatment with sodium carbonate, 
differs in oxygen content from that obtained by tlu' Beckmann - 
Liesche pr?)cess. ■ • 

The mechanism of the sulphite tr(‘atm(‘nt of wood has been 
examined by P Klason,*^* vho states that the reactions involving 
the removal of lignin by the sulphite arc influenced by the hydrogen- 
ion (ionOentration of tlft' liquor. Methods for tlie estimation of 
lignin are discussed by H. Krull,**® who tmiploy^ digc'stiori with 
hydrochloric acid gas for the puqiose. 

No iK'w methods for the deterfnination of e(‘llulos(‘ appear to 
have been devised. The relative merits of several well-known 
processes of cttlulosc estimation are considered and criticised by 
B. Johnsen, S. A. Mahood, and W. B. ])orc.*^^ F. Herig*^® gives 
a description of a convenient form of ajiparatus for the carrying 
out of th(5 eVoss and Bevan chlorination treatmemt. Problems 
bearing on the removal of pentosans from wood ceUplose,*^* and 
on the nature* ot the residual onaterial after its treatment with 
alkali, d;.ali with by E. Heuser and E. Boedeker, and by 
(J. G. Schwalbe and E. Becker. 

U. Am ilio*^^ gives details concerning the u^c of chlorine in the 
small and largcf scale preparation of pure cellulose. Solutions of 
chlorine peroxide in aqueous and volatile solvents are cmiploycd by « 
E. Schmidt*^* as agents for the scparati(m of pure ce^ulose from 
wood. 

Z. mujrw. Chew.., 1921, 34, 285 ; 1921, 539a. 

- Biochcin. Zvils., 1921, 121, 293; cf. J., 1921, 732a. 

“11 Z. amfew, Cheni., 1921, 34, 465 ; V., 1921, 732\.^ 
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213 Chim.et Ind., 1921, 6, 267. 

21* G.P. 331,907 ; ,/., 1921, 295a; cf. J., 1921, 764a. 



144 


REPORTS OF THE PROGRESS OF APPLIED CHEMISTRY. 


P. Waentig and W. Gierisch 220 describe the chlorination, and 
subsequent' treatment of wood shavings for cellulose and fibrous- 
material production. 

New reagents for the preparation of cellulose from wood have 
been employed by R. Hartmuth,^! who proposes to use a treatment 
with phenols and phenolic substances, W. S(!hlosser,222 who protects 
a process involving condensation of the non-cellulose impurities 
with primary and secondary aliphatic and aromatic amines, and 
R. Schwarzkopf, 22'’ who subjiH*ts the raw^ material to the action of 
inorganic and organic acid chloi’idos. Details of an extensive 
series of analytical examinations of w’ood eelhilose are given by 
F. Lenze, B. Pious, and J. Muellei . 22 ^ 

Numerous investigations of woody and other sources of cellulose 
have been made. B. .Rassow^ and A. Zschendorlein,^^^ in a paper 
on the composition of hemp wood, discuss their owm analytical 
results in comparison with those previously (obtained by C. G. 
Schwalbe and F. Bccker .228 They sugg(‘st, from several consider- 
ations, that pentosans are intermedia^' products in the natural 
synthesis of lignin. ‘ 

P. Klason -2’ revises earlier figures obtained during an analytical 
examination of spruce wood, stating that ho now' iinds the compo- 
sition to be : cellulose (free from pentosans), 53% ; hemicellulose, 
15% ; lignin, 30% ; other substances, 2%. Thci composition of 
reeds (Phragmites communis) has bAen inrestigated by K. Herig ,228 
with special reference to the presence of silicic acid in their tissues, 
and its removal during the various processes in the manufacture 
of paper from these plants. 22 * 

M. Ishikawa 220 describes the examination 0 / “Asia’' fibre, 
obtained from a Japanese reed. It resembles straw; in microscopical 
and chemical characters, and in its reactions. Results of "analyses 
are given. 

An almost pure specimc'n of xylan has been obtained from straw 
cellulose by E. Heuser.^^i who has also studied its hydrolysis, 

^ obtaining a 60% yield of xylose. Examinations of the dontent of 
soluble caibohydrates present in pinew'ood felled at different 

22 ® Textil-Forsch., 1920, 2. 09. 

221 G.P. aWOf) ; J., 1921, 144a. 

222 G.P. 328,729 ; J., 1921, 144a. 

223 G.P. 328,730;. J., 1921, 144a. 
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times of the year J;iave been madfc by S. ^ehmidt-Nielson,-^'^ who 
has obtained evidence of the presence of ^8% of xylose ift an extract 
prepared from wftifer^elled pincwood. W. >1. Peterson, P. B. 
Fred, and J. H. Vethulst^^afind that crude xylose syrup is readily 
fermented under suita>Jc conditions of hydrogen-ion concentration 
and calcium carbonate content of tlfe medium, by B. acetoeihylicAm, 
with production of acetone, ethyl alcohol, formic and acetic acids. 

Laboratory experiments on the production of methyl alcohol 
from lignin obtained as a by-product of wood extraction have been 
made by E. Hcuscr and H. Schraelz,^^^ who find that the greatest 
yield of methyl alcohol (about 15%) is obtained by dige^sting the 
material with dilute hydrochloric acid under a pressure of from 
5 to 6 atmospheres, for two hours. 

In the course of an investigation of humus formation, V. A. 
Beckley has made experiments to deUu'minc if the decom])osition 
of cellulose by an organism, Bpirochwta cytoj^haga, which lie found 
in rotting straw', results in production of hydroxymethylfurfural, 
and has obtained negative rcvsults. Studies of the digestive action 
of the fungus, Xylarid Uypoxylon* on isolated constituents of 
cell walls, show^ that of a number of substances A'amiried, pectin 
and xylose are the most readily attacked, wLcreas starch and xylan 
are comparatively resistant. Xhe experiments wore made by 
('. L. Gatin and M. Molliard,^''^'^ who find that lignin is also decom- 
posed by the organism. • • 

The constituents of cork and cutinised tissu(‘s have bion the 
subject of an interesting scries of investigations by J. H. Priestley 
and his co- workers. In the course of the investigations, experi- 
ments have beeri^ Uiade on the wateq)roofing action* of salts of 
phellonic .“joid. 

, Wood Pulp. 

• 

Various articles have appeared in the technical journals dealing 
with extesjisions of the pulp industry, and with the establishment 
of new technical schools and institutes fw the prosecul^on of pulp 
and paper research. , 

Several new materials have been examined kom the 
point of view of pulp production, but little of'^iny special 
interest has appeared. Details of rf3xaminatio«is of, and methods 
for the manufacture «of pulp^from papyrus, are given ^by R. Eour- 

Tehi. utceoiad, lyuu, 67, ; J., n^21, 342 a. 

=""3 J. Ind.. Eng. Chem., 102K 13, 757. 

Cellulosechem., 1920, 1, 6 ; J., 1921, 41a. 

J. Agric. Sci., 1921, 11, 69; J„ 1921, 232a. 

Rev. (Mn. Bot., 1920, 82, 216. 
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nier.^®® S. D. Wells has made boiling triab of oat hulls and 
examined their suitability, for conversion into straw boards and 
paper. C. Groud^*® reviews the possible litilisation of the barks 
of plants of the mallow and mulberry families. The sulphate 
treatment of bamboo, and the qualities ofo'che products obtained 
therefrom are dealt with by J. Stevens.^^ 

The mechanism of the various processes proposed for the pulping 
of lignified matter are discussed by (1 C. Schwalbcj'-^^^ who from 
economic considerations holds that the hydrolysing agents used 
in the present sulphite and sulphate treatments are the only satis- 
factory ones at present available. Analytical methods for the 
control of the sulphite process are proposed by R. Sicber. He 
recommends methods for the determination of free and total acids, 
and lime in sulphite liquors. He suggests measurement of the 
digestion of the pulp by determination of the chlorine absorbed 
bj samples from a standard solution of bleaching powder A. 
Chambovet^^® has pointed out that as organic acids are produced 
during the boiling process, acidimetric titration of the sulphite 
liquor during cooking does not give a true 'measure of the* free SO 2 . 
He outlines a scheme of analysis involving the physico-chemical 
separation of these substances. 

Rapid methods for the gontroh analysis of sulphate liquors are 
proposed by G. K. Bergman,-^’ who employs a suitably- arranged 
series of alkali and sulphide determinations. B. N. Segerfelt^*® 
gives a description of the Rinman modification of the sulphate 
process, which involves cooking with a weak solution of caustic 
soda, in presence of a reducing agent (pref(;rably mercury) at a 
temperature'' not exceeding 170° C. , , 

Numerous accounts of investigations of the efficiency of the 
processes in pulping have appeared in the various jounfals, and 
special attention has been devoted to examination of thi steam 
consumption in the boiling and drying processes,'.' In these con- 
nexions attention may be directed to the papers of H. Brahmer,^®* 

238 La I^Yipeterie, 1921, 43, 386. 

238 Pulp and Paper May., 1921, 19, 1139 ; J., 1921, SSliA. 

2*0 Le papier, 1921, 24, 4. 

2*1 Papenilf^tdustry, 1921, 3, 84. 

2“ Zellstqff und Papier, 1921, 1, 11 ; J., 1921, 653a. 
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H. Alfthan,^^® and. to a coipmunfcatioii from the Swedish Paper- 
Pulp Office, in which economy in heat iiti^sation is di&cussed.®^^ 

The decay of pulp w^ood, its effect on the consumption of the re- 
agents employed in pulp manufacture, and on the yields of pulp 
produced, ha^ been e:#haustively examined by E. Sutermeister.®®^ 
J. S. Bates gives details of sulphite boiling tests carried out on 
average wood, infected wood, and chipper dust, as the result of 
which it is stated that infected wood may be used for sulphite 
pulp production if decay is limited to discoloration, and that 
chipper dust pulp might be satisfactorily blended with ordinary 
sulphite pulp, and so utilised. 

0. Kress has studied the action of the various moulds and 
fungi commonly found on pulp-wood and pulp, and has examined 
papers ma^le from infected material. Tnve^igations on the preser- 
vation of pulp wood and pulp have been undertaken by the American 
Paper and Pulp Association in conjunction with tlie U.8. Forest 
Products Laboratory. Of the substances so far examined only 
borax, sodium fluoride, and sodium^ dinitrophenolate proved to bo 
commercial ly applicable.’^''^ 

Comparative estimations of lignin in sami^les of unbleached, 
shredded Mitschcrlich sulphitc-ccUulosc have been made by E. 
Heuser and G. Wenzel,^^^ whcf discuss the relative merits and 
demerits of the methods employed. The grading of wood celluloses 
on the basis of lignin content is suggested by H. Krull,^'^’ who, 
in the course of interesting analyti(ial results obtained during an 
examination of tyjiical pulps, gives the following figures for the 
lignin content of Mitscherlich and Ritter-Kellner puljos ; — 


Normal 

Sof1» (easy bleaching) 
Bleached f . 


Mitscherlich. Kittcr-Kellner. 
G'o— 7*0% . . 7-5— 9-5 

r)-5— 0 0 . . 6-5— 7-5 

rrO — 5-5 , . . 4-5 — 6-5 

1 * 0 — 2-0 .. 


He propases to judge the chemical condition of pulps by their r 
“ corrected ” copper values. 

A dye test for distinguishing between unbleached sulphite and 
sulphate (Kraft) pulps is described by R. E. Lofton end M. F. 
Merritt,^^® who make use of the differential staining effects obtained 
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on treatment witli a froslily prepar(*d mixture oi aqueous solutions 
of Malachite Green and Fu 9 lisine. 

M. G. Kotibhaslvor ““‘‘'has evolved a new ni'ethod for determining 
the amount of mechanical wood in mixed pulps and papers. The 
process consists essentially in treating the nvUerial to he examined 
with a weak acid solution of p-nitraniline until absorption of this 
reagent by the mechanical wood is complete ; the excess of p-nitr- 
aniline is then obtained by adding a laiown excess of titanous chlor- 
ide solution, and titrating back with standard iron alum solution. 
The method is stated to be only apjdicable when the amount of 
mechanical wood in the sam])le (‘xceeds 20%. For determination 
of amounts below this ligure he recomnumds the wtH-Ioiowii 
colorimetric method of 0. F. Gross. 

K. G. Wilen^®® describ(‘s a method for t(‘sting the strength of 
Kraft i)uli)S. The prodess invoh es scrccming and beating the pulp 
under standard conditions, and the pre'paration of sheets, which are 
tested on a Mullen machimv Recommendations ctmeerning the 
expression of results ui‘(‘ made. 

' • t» 

k Waste Liquor, 

The utilisation of waste licpior still continues to form the subject 
of numerous articles and patents, ahd, while many of the suggestions 
present considerable ing(uiuity, it . is doubtful if they wtll find 
commercial application. 

Its possible use as a binding agent for roads and briquetted fuels, 
and its employmc'nt in th(' preparation of tanning agents, and as a 
means for the cheap production of alcohol, have been C‘xhaustively 
reviewed, aiicl metliods for its application in several of these and 
other connexions patented. '^Phe ust‘ of sulpliite liquor as a motor 
fuel can be made practicable by the employment of suitable 
vaporising devices.^"’ A descri])tion of a new^ a]) 2 iara 1 ?us for 
obtaining carbon and other products from sulphite liquors is 
given by A. Klein. “““ O. Aschan-®* discusses the utilj^sation of 
cymene obtained as a by-jg’oduct of the sulphite jiroccss, and states 
that a yield of cymene of 90-95% jiurity, suitable for the indirect 
preparation of azo dyes, T.N.T., thymol, and ci-rvacrol, may be 
recovered to*tV<c extent of 1 kg. x^cr ton of jiuli) jiroduced. 

Methods for the titration of sulphite waste liquors have been 
reviewed by R. Siefier,-®* who has also made, exiicrimonts on the 
aldehyde con<;ent of fermented suljihitb liquc^ in conjunction with 
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determination of the amounte of alcohol present.-®^ B. Holmberg^*® 
has examined sulphite^liquor lactone, obtained by the ether extrac- 
tion of sulphite wast(' liquors, and gives details of its physical and 
chemical characters, ^Tt is stated to la* (U)n\ ert(*d by the action of 
sulphuric acifl into a mon()suI])ljoTiic aca’d, which on treatment 
with water, yields a hydroxy-acid. Tn a later communication, 
in conjunction with M. Sj(>b{‘rg,“®^ he gives d(*taiJs of the preparation 
of its methyl derivatives, with ri'fereiua* to tin* reactions of the 
latter substance. 

Alkali lignins have been obtaiiK'd by B Holnibcrg and T. Wint- 
zell,-®^ who have s(‘])arat(‘(l them fj-om th(^ })i-(‘(;ipitates obtained 
by acidification of the black licpior from the soda-cellulose process. 
They have obtained a- and X- lignin, have siiidied their fdiemical 
properties# and pr(*pared their methyl d(*riv^tiA('s. B. Wahlberg-’”’ 
has pre\dously attenqjted to sepajate tin* constituents of alkali 
waste liquors by subjecting them to dialysis. 

Numeroiis methods for th(* utilisation and deodorisation of 
gas(*s evolved during Jtlu* various* (;ooking procc'sses have been 
pi'oti^cted. The subj(‘ct would a])])ear to 2>i‘e.s(‘nt many openings 
for fruitful investigation, Tlu* dis])osa.l of untrea^cfl waste liquors 
in pul])-producing districts is also a matt(*r for candul consideration, 
and is of as vital iriquadance a?i tlu^ disposal of trade effluents in 
some of our large textik^ industrial centr(‘s. 

The recommendations >f a ( Commission appointed to deal with 
strawboard factory (‘ffluents in Holland are dealt with by A. Her- 
mann,-’*^ who gives details of a ]>lant ojx'r'ating to utilise the gaseous 
products of the anacTohic f(*rmentation of these liquors for power-gas 
production. 

Papeh. 

Exk^nsioris oiihe ])ulp and ])a|)(*r industri(*s, and tlu* investigation 
of new source's ©f raw material to determine their possible enijiloy- 
ment for# pul]) production, have already been dealt with. 

For some time ])asf numerous attemjfts have* been ijiade by the 
French pajjer-makeT's and technologists to exploit tlu'ir natural 
resources, and hivestigations of the ])a])er-making equalities of 
various indigenous plants have been umlertaken froili"\ime to time. 

The suitability of the stem of thr sunflower»as a source of paper 
pulp has be('n (^xhrfustivelj^ examined by the "Paris Chamber of 

Svenfi]^Papj>ers-T id n 23, 3IUi, 
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Commerce, whose results are reviewedrby R. Fournier. He also 
gives a list bf a numbei; of» plants found in Fr^i]ce or her colonies 
which might possibly be utilised in the paper industry, the same 
subject having been dealt with by G. Groud.^’^^ who, in the course 
of a later article discusses th^^ possible utilisation of vine shoots 
in papermaking. He states that France (exclusive of Algeria) 
produces a sufficient quantity of vine shoots to furnish 720,000 
tons of pulp annually. Details of an extensive series of laboratory 
tests by “ Cellulose et Papiers,” on the pulping and papering of a 
variety of raw materials, have been given.-’^ 

Examinations of ‘‘ falasco,” a heterogeneous collection of crytito- 
gamous and aquatic plants obtained from the Pisan marshes, have 
been made by G. L. Pa^^arino and G. Cast(‘llari,“’® who have carefully 
studied the microscop jeal, physical, and chemical clia^acters of 
the fibres of the vegcta])Ie constituents of this material, which 
they consider to be suitable for paper manufactuj'e. Falasco ” 
is also discussed b^^ C. Groud,"” from the standpoint of the yields 
of pulp obtained from the varipus plants present in the mj^xture. 

“ Tabocca Brava ” and “ Aninga,” of Brazilian oricrhi are stated 
to be suitable for the manufacture of wrapping jjaprrs of various 
qualities. 

Other vegetable, materials sug^sted or used for papermaking 
are peat,^’® “sugamo”2«« (a Japanese seaweed), and “okra,” 28 i 
which is being exploited in America. 

In connexion with the detection of mechanical v ood in mixed 
pulps, reference may be made to the cobalt thiocyanate test for 
lignified tissue proposed by P. (■asparis,^®^ which may be of value 
for this, purpose. , ” * 

The process of rag-boiling, and the effect of the* various factors 
in the treatment of fibrous materials for paper manufacture have 
been reviewed from* the points of view of efficiency and character 
of the half-stuff produced, by H. Grimm.^^^ It is«^stated that the 
^ mechanical treatment to which material is subjected in th^ washing 
and in the half-stuff hol^nder, modifies the chemical constituents 
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of the fibre very considerab^. Questions affecting the degree of 
hydration of sulphite and esparto pulps jiuring the beaMng process 
have been discussed*.^ It is pointed oift that sulphite pulps, 
may, under certairP circumstances, have a marked tendency to 
rapid hydration, which**is undesirable in the manufacture of papers 
for printing or writing. This may* be corrected by admixture of 
esparto pulp, which, being a soda pulp, does not hydrate readily. 
The use of the Schoppcr-Riegler apparatus in making tests of the 
degree of beating of paper pulp is dealt witli.^^'^ 

H. Press has investigat'd the dyeing of pulps in the hollander 
with reference to the productioft of eoloun^d cardboard from straw 
pulps and gives details of the absoi-ption of direct cotton, basic, 
and acid dyes by this mate'rial. J. Huebner^®’ has also made an 
interesting ^series of experiments on the dyeing of paper pulp, and 
proposes to obtain fast shades by the precipitation of acid dves 
by basic dyes within this substance, giving details of a useful 
combination of colouring matters for employment in this connexion. 

The amount of published material dealing with the bleaching 
of paper pulps is small and is mainly composed of semi-popular 
articles, several of which deal with the applicaticlli of electrolytic 
bleaching processes to the paper in<Justry. 

Interesting observations on tlie bleaching of soda and sulphate 
pulps prepared from coniferous woods have been made by S. D. 
Wells,^®® who has examined the action of bleacliing-powder solutions 
on these materials. He finds that the alkali-solubility of the pulps 
increases with increase in the strength of bleaching liquor employed, 
and that considerable degradation of the cellulose takes place before 
the colour is ranu)ved, indicating the unsatisfactory nature of this 
type of b^bacb.' He obtains slightly more satisfactory results as 
regards colour removal by carr5dng out the bleach treatment in 
two stages with an intermediate washing. Th^ pentosan contents 
of the pulps wejp found to be unaffected by bleaching, but on the 
other hand their methoxyl contents were reduced by the treatment. 

Problems connected with the sizing of jpaper and employment of 
various sizing materials have formed the subject of several interest- 
ing articles which have appeared in the various journals. 

The observations of E. Amould*®® on the inhib'*^.’ve effect of 
small quantities of sodium chloride absorbed by the cellulose, on 
the sizing of paper hy the rosin-afum process* have already been 
mentioned. JVIethod^for tffc control of the alum centent of the 

La Papeteric, 1921, 43, 146. 

285 Le Papier, 1920, 23, 25?). 

288 Papierfahr,, 1921, 19, 261, 365 ; J., 1921, 383a. 

287 J. ,Vo(j. Dyers and Col, 1921, 37, 139 ; J., 1921, 382a. 

288 J, ind, Eng. Chem., 1921, 13, 936 ; J., 1921, 807a. 

288 Le Papier, 192J, 24, 108. 



152 


REPOJ?;rS OF THE PttOGBESS OF ArPLUSD CHEMISTBY. 


tubsizing bath are discussed by^P. W, Codwisc who recommends 
the use of bromothymol , blue as an indicator in carrying out 
titrations. 

F. 8t()ckigt and A. Klingner-*^ deal with ^le use of colloidal 
resin as a sizing agent, giving^ details of iSs mode ,of preparation 
and the factors affecting its coagulation. Tlie paper forms an 
interesting study in applied colloid chemistry. In an account 
of the new “ Zollkoll-Amal process for the sizing of fine papers, 
in wdiich use is made of formaldehyde-glue or alum-formate-glue 
gels, the satisfactory fixation of vaiious loading materials is dis- 
cussed, and it is claimed that th(#proc(\ss is remarkably efficient 
in this resjiect. 

A. Kolb-®^ gives details concerning thi^ employment of alkali 
soaps as substitutes for resin in paper sizing. R. ]VIilJ,er deals 
with the ])ractical aspect of the casein coating of jiayiers. J. G. 
Vail gives an account of the employment ot sodium silicate as a 
sizing material. Numerous filling agents for jiayieis have been 
discussed. M G. Milham 2®«reviews the various propi'riies to be con- 
sidered in the selection of paper fillers. "Uilldixite or jelly-rock, 
a highly colloidjp.l clay, is proposed as a substitute for china-clay. 

The jiatent literature connected with the sizing and filling of 
papei' contains details of a large n^umber of sizing and filling agents, 
among which are to be found carbohydrates, proteins, and their 
addition compounds, resinous subsfanccs, hydrogenated resins, and 
formakkdiyde condensation j)roducts, along with a number of 
combinations of various siil)stanc(‘s for filling purposes. 

In connexion with the production of papers for sp(Kiitic purposes, 
attention rrw\y be directed to the patent of C. G.^ Schwalbe,^®® who 
proposes to effect parchmentisatibn of stock in the edge runner, 
or in the hollander, by treatment wdth oxidising agents, obtaining 
in this way material w'hich may be subsequently converted into 
parchment paper, 'and to that of the Zellstofffubr. Waldhof,®** 
who claim that by treatment of sulphite pulp to be used for cigarette- 
paper manufacture, with alkalis, the unpleasant taste is lemoved. 

The application of Batik printing to the production of novel 
effects on papers forms the subject of an article by L. Kollmann,®®® 
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in the course of whidi a clescr^tion*of the teelmique of the process 
is given. 

Articles dealing wilh*the utilisation of ^faste paper are few in 
numbcT. B. Haas deals with the removal of printing inks from 
this material. The recovery of stock from n(n\s])rint has received 
the attention of (J. Baskerville and*R. Stevimson.^''^^ The former 
author, in conjunction with C. M. Joyce, givi's di'tails of tlie 
treatment of waste hook pa]>er. 

The amount of published Avork dealing Avith the b'sting of papers 
is comjiarativ'ely small. In the course' of a i*e])()rt on the use of 
iodine solutions in paper examination. C. Wisbar^"^ mabes ree^om- 
mendations concerning the use of stannic chloriele and iodine, 
calcium cldoride and iodine, and aluminium ediloriele and iodine, 
along Avitii the AATll-known zinc clileiride-ieieline reageait. 

R. Fournier describes an ingenieuis apjiaratus for mc'asuring 
the traiislucency and opacit}^ of jJapers A\]iich eanbodies the use 
eif a selemi.im cell as a photeimeter. By employing a modified 
form of this apparatus the re'fleeding 2 )oa\'(U’s of pajiers iruiy bo 
detfTmimd. • • 

^J’lie testing e^f the AA'ater-abseirbing propcTties of ]^a])(T foi* paper- 
yarn manufactuj'e is discussed by F, Herig.'^“® 

Jn e;onnexion Avith the climatic dt'terieiration of pa])('rs. attentiein 
may be directed to the interesting eeimmunication by J. J. 8ud- 
borough and M. M. Me‘hta,'“*’ who fronua study of the perishing 
of paper in Indian libraries, make certain recommendations concern- 
ing th(' preservation of, and the jmjcautions to b(^ observi'd in the 
pr(;paration of papers for us(^ in the Indian Plains stations. 
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BLEACHINCJ, DYEING, PIGNTING, AND 
FINISHING. 

By W. Harrison, M.Sc., 

Worslvy, near MancheMcr. 

During the past year there have been many developments in 
pure science, more pptieularly in reference to tin.; titructure of 
atoms. The aim of physicists is to find su(!h particulars of the 
structure of atoms as will enable them to explain their properties 
and forecast facts at prcscuit unknown. A great deal of the work 
published is mainly speculative. Bohr’s theory explains the 
spectrum of hydrogen in a remarkable way, but so far has not 
explained that^ of helium. Langmuir’s theory explains in an 
equally remarkable manner the properties of lithium hydride, 
sulphur fluoride, and many other compounds, but gets into difficulty 
with some quite simple substances such as carbon monoxide and 
cyanogen. Technologists are anxious to see further developments, 
more particularly in the domain of organic chemistry ; a detailed 
knowledge of carbon, hydrogen, oxygen, nitrogen, sulphur, and 
chlorine is required for this purpose. So far as the building up 
of the carVon compounds is concerned the reyept work on the 
structure of organic crystals by Bragg* is very promising, and we 
hope to see the work extended to the textile fibres. ’For this, 
workers are needed. c 

It would not be' correct to say that similar defrelopments have 
not taken place ^in the domain of textile technology ; all one can 
say is that comparatively few chemists are engaged 'compared 
with the enormous nurabbr of problems awaiting to be solved. 

The Department of Scientific and Industrial Research has 
extended «its activities to the flax, silk, and laundering industries, 
and as wouT3 be expected from an impartial body of organisers, 
a similar system has been adopted as for industries other than 
those relatii^g to "textile processes. • 

The general idea appears to be th» bringing toge^ner of several 
tjrpes of men, commercial, technical, an^i scientific. The impression 
has been given to many commercial men that one need only import 
science into an industry to effect something of a revolutionary 
character, the terms science and industry being used* in a general 

♦ ♦ Proc. Phya. Soc., 1921, 36, 33. 
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sense. Nothing has been said,abou^ the period during w'iii6h the 
science has to get ^sed into the industi^y nor has mudh in the 
way of flux been used. * * 

The solving of technical problems is not merely a question of 
mixing science ^d technology ; too often the result is an emulsion, 
of low degree of dispersion, and not a solution. An intimate 
knowledge of an industrial process and of those particular branches 
of science necessary f(H' development must exist in the same train 
before much progress can be made. This condition cannot be 
secured without much experience — experience of the kind which 
can scarcely be explained sincr it is acquired by the exercise of 
those senses which are incapabk* of expression in concrete terms 
and accumulated in the form of ideas equalty difficult of expression. 
Such experience is to be found in the praiitical men, many of whom 
have not the ability to express themselves** accurately on quite 
simple matters. 

UndoubtC'lly the works is the place for industrial research, 
since it is only there where one meets the necessary stimulus to 
produce soinething of com^nercial valuC. The sight of men working, 
the sound of machinery, and the obvious skill of the* English work- 
people all have a great influence in producing an industrious research 
worker. The criticism which musti bo met from the more intelligent 
workpeople is the best preventive against the ])roduction of 
impracticable ideas. • • 

Finally, the manipulation of a process in the treatment of tons 
of material gives one that intimate knowledge of mass-action 
which one cannot realise from a laboratory experiment. 

Industry requires trained men possessing confidence in their 
own ability^to taykle a problem throughout all its stages, and such 
confidencc'can only be acquired whem the knowledge of the technical 
process g-nd of the science underlying it exist in the same brain. 
The sooner this ift realised by those responsible for the organisation 
of research the befter for the success of the various research schemes. 
It is well tb realise that the average practical man has just as much 
ability to acquire scientific knowledge as Mie average scitntifically- 
trained man has to acquire technical skiU. 

Wool Scourino. 

• 

Several articles hafe been, published relating to the extraction 
of grease by nscans of Solvents. H. Hey^ suggests thal this is the 
method of the future for the treatment of wool when the prejudice 
which exists against it has been overcome. The writer *has seen 
cases where dirty wool after extraction of the grease with solvents 
could not be^ obtained clean by subsequent washing with soap. 
• 

1 J. Soc. Dyers andfol, 1921, 37, 81, 183.^ 
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The suggestion was made thafc the removal of the grease to which 
the dirt »^dhered allowed that dirt to come in actual contact with 
the fibre substance. This suggestion appeared to be supported by 
the observation that clean wool was stained by an aqueous extract 
of the dirty solvent- extracted wool. It would ap])car advisable, 
therefore, to leave a little grease in tlu^ wool so as to leave the 
latter in a water-repcllant state. The prejudice wliich exists to-day 
is undoubtedly the result of ('xi)cricneessueh as that j ust mentioned, 
and will only bo overcome by more satisfactory tests. Unfortun- 
ately, it is difficult to persuade those who have had unsatisfactory 
experiences to make further trials, in s})ite of the fact that one 
cannot arri\ at perfection Avithout meeting aa ith many difficulties 
and overcoming them. 

He}^ states that the non-inflammable hydrocarbons such as 
carbon tetrachloride and di- and totrach loro- ethylene tend to 
develop acid under the influence of heat and moisture. This is 
contrary to the gemu-ally accejfled idea of the stability of these 
compounds and is av(‘ 1I AAmi-h investigating. Tt is possible 
that the troubh^ may haA^e been caused by a trace of dissolved 
chlorine. 

J, T. OraATiU descrilx's the methods used in the United States. 
The gains for the solvent pnxyss are summarised thus : — (1) A 
gain in Aveight of clean fibre seeiifed from a given amount of greasy 
wool as compared Avith soap scouring. i2) A reduction in noilage 
in combing, due to the avoidance of luvakiTig or matting of fibre. 
(3) A great sa\dng in soa]» and alkalis used for Avashing. (4) The 
use of AA^ool-oil as lul)ncant in j^lace of oHat^ oil in su])sequent pro- 
cesses of lyanuf, ‘let lire, (d) Hie by-jiroducts of the wool hitherto 
lost — wool fal and potash -can be sold. (f))'|^ipc*i’ior working 
qualities of th(' tops and yarn produced. Whether th«se claims 
can be substantiated for cA^ery class of wool is a question for the 
future and might conveniently form a subject rfor iiiA^estigation 
by one or other of the numerous research associations. 

A certain amount of work has been done on the scouring properties 
of raineralfcolloids, particularly those containing silica and alumina.^ 
While these may find uses, the attraction which wool possesses 
towards most colloidal matters may cause difficulties since mineral 
matter does not improve the handle of wool. 

It has been suggested'* to usje neutral or acid scouring solutions, 
the alkalinity of a soap being removed by th^ addition of lipolytic 
substances, Twitchell’s reagent, eto. Wlfidher these solutions 
would be efficient is an open question ; the writer never found 
an acid frothing agent which had any scouring properties. 

2 Ibid., 1921,37, 2.35. 
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As regards the thoory of si^ourin^ L. L. Lloyd ^ attempted to 
remove insoluble sojips from pieces by tjie aid of soap^and glue 
and claimed that according to the colloidal theory of scouring 
the glue should hav^ enabled the soap to remove the insoluble 
soap. Few colloid-chenlists would agree with this contention. 

Some interesting points about *the ordinary wool-scouring 
process are given by J, Schofield,® who has recently ]>ublished 
a book on the subject. 

References may also be made to papers on the action of water 
on wool,’ the alkalinity of pure and commercial soaps,® the 
ultrastructure of soaps,® and d('termiriation of washing power of 
detergents.^® 

ScjOURTNCI AND BOILINO VEGETABLE FiBllES. 

The solvent process has been applied to linen and cotton both 
for the improvement of tlie bleaching process’^ and in certain 
(jases, to avoid bleeding and staining of dyed troods.'- The 
question o^ cost is of more importance than in the case of wool 
since the alkaline boiling of cotton is, generally sp(*^iking, a cheap 
jjrocess. 

The use of Ludigol (sodium m-rritrobenzencsulphonate) as an 
assistant in tlui boiling of fabrics containing coloured effects is 
discussed })y J. M. Matthews.^'^ • , 

Bleaciiin(4. 

An interesting note is given by A. F. Mc(julloch relating to 
the behaviour of •beaching powdci^in the tro])ics and thc^dvantage 
of a lai’ge eJlces'-s*-* free lime is shown. The c‘ffect of alkalinity 
on the oxidising properties of h^^qiochloritcs is discussed by 
E. K. Rideal and A. R. Javans, and the use of .free hypochlorous 
acid prepared by *ih^‘ direct action of chlorine on water is protected 
by G. Orns^tcin.’® 

® ,/. Soc. Dyers and CoL, 1021, 37, 101. 

« Ibid., 1921, 37, 103. 

’ A. Keychlor, Boc. Chim. Belg., 1920, ^9, 291 ; J., 1921, 174a. 

» F. C. Boedlo and T. K. Bolam, J., 1921, 27t, 74t. 

® W. F. Darke, J. W. Me Bain, and C. S. Salmon, Proc. Roy, Soc., 1921, 
A 98, 396; J., 1921, 208a. 

J^. Heermann, Tej^ilber., Bi^^l, 2, 37, 01 ; »/., 1921, 17 Ga 
S. H. Higgins, E.P.*102,892^ .7., 1917, 211. 

12 J. D. Lumsden, K. W. R. Mackenzie, E. H. Robinson, and^M. Fort, 
E.P. 166,198 ; J., 1921, 679a. * 

12 J, Boc. Dyers and Col., 1921, 37, 236. 

1^ J., 1921, '240t. 

1® J., 1921!64r. 

1® E.P. 147,069 ; i7. Soc. Dyers and Col, 1921, 37, 255. 
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The bleaching of cotton by iJaeans of i^erborates and persulphates 
forms the subject of an article by W. Kind.^’ For wool the use 
of hydrogen peroxidcf followed by treatiiicht with hydrosulphite 
is patented by J. Kershaw.^® The use of nitrosylsulphuric acid 
for the bleaching of silk in the gum or p5-rtially deguramed state 
is discussed by E. Cagliostro.-® 

Of books published during the year tliat by S. H. Higgins on 
‘ ‘ Bleaching ’ ’ is worthy of commendation. The information collected 
together is sufficiently wide to satisfy most readers. 

Prolonged bleaching with chemick has been found to produce 
less tendering than when perborates in alkaline solution arc 
used. A method of analysing bleaching liquors by reaction 
with hydrogen peroxide is given by M. Hchrero.^^ 

Mekcertsing. 

The originator of the present-day mercerising process, Mr. Horace 
Lowe, has recently been presented with the Perkin Modal by the 
Society of Dyers and Colourists.*- In reviewing tlu^ history of 
the process, Mr. Sutcliffe Smith mentioned that the 'lustre was 
noticed before the actual manner of producing it had been worked 
out. The treatment of cotton with caustic soda under tension 
and washing in that condition was first jiatented in 1890 and 
forms the process used to-day the Avhole world over. Mr. Sutcliffe 
Smith expressed the opinion that it \\\as unfortunate that the 
term mercerising should have been used for Mr. Lowe’s process 
and that a word sliould have been adopted vliich associated the 
process with his name. 

It is unfortunate in many ways that the word “ mercerising ” 
should be used for products not pioducod by any’mhthod mentioned 
in Mercer’s patent. T^owadays, the term voul(\ undoujjtcdly be 
used for any procc'ss of j)roducing modified fibrous cellulose giving 
the characteristic bliu^ colour with iodine and zinc chloride or strong 
potassium iodide ; nevertheless, there are methods of treating 
cellulose to give this reaction which are not mentioned in 
Mercer’s patent, such as,,for instance, treatment with thiocyanates. 
There are also methods of imparting a permanent lustre to either 
cotton or mercerised cotton which are not de&lt with in Lowe’s 
patent. In face of such developments it becomes more and more 

1’ TextiJber, 1921^2, 325 ; J., 1021, 691a. 

18 E.P. 162,198 ; J., 1921, 385a. 

18 Color'UrradeJ., 1921, 13 ; J. Soc. Dy^rsaml (b'ol, 1921, 37, 255. 

8® P. Heermann and H. Fredorking, Texlilber.y 1921, 2, 249, 277 ; J., 1921, 
578a; 1921,642a. 

21 J. Ind. Eng. Chem., 1921, 13, 659 ; J., 1921, 578a. 

22 J. Soc. Dyers and Col., 1921, 37, 136. 

28 Ibid. 

^ 24 A. Hancock, ibid., 1921, 87, 113. 
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necessary to use distinguishing tcAns. Comparative tests have 
been made with solutions of sodium and potassium hydroxides 
which confirm the resiiltl obtained by E. Krfecht and^W. Harrison 
in 1912. A. Liebrftann®’ obtains special crepe effects by local 
drying of fabrics beforc*passing into a solution of caustic soda. 

The mercerisation of fabrics contaSining viscose usually presents 
difficulties due to the damage or even destruction of the viscose. 
Processes for overcoming tliis trouble consist in the addition of 
formaldehyde, phenol, or potassium acetate to the caustic 
soda.^® 

D\ KING. 

The paper on the dyeing oi artfiicial silks published by 
L. P. Wilson and M. Imison is one of outstanding importance. 
Most dyers jwe familiar w ith .the irregularity m the dyeing property 
of artificial silk particularly in fine deniers. These authors have 
drawn up a list of dyestufis which dye solid or nearly solid shades 
on viscose siik even when a considerable difference exists in the 
affinity of^lifferent parts ^f the silk fyr most direct cotton colours. 

They showed that dyestuffs of low' molecular weight gave level 
dyeings whilst those of high molecular w^eight produced unlevel 
results. This offers considerable support to the electrical theory 
of dyeing, the relative size of fibre pores and dye particles being 
the important factor in this caj^. Any differences in the size of 
fibre pores would produce httlc difference in dyeing effect if the 
dye particles wei'c very small, but if the latter were nearly as large 
as the fibre pores the dyeing effect would vary considerably. 

There are other factors besides the molecular weight of the dye- 
stuff to be taken into account, l^cause one often mee^s pairs of 
dyestuffs wflich, from their constitutional formula, should behave 
in opposite relation to that which actually exists in their level- 
dyeing prope'tics. Temperature is an important factor as also 
is the nature of the other ingredients present in the dyebath. 

A considerable amount of work has been done in recent years 
on the dyeing of cellulose acetate, and a summary of the work 
has been published by J. F. Briggs.®^ 

The methods pr(#p>jsed are detailed below' : — 

(1) Hydrolysis of the cellulose acetate wdth formfition of 
hydrated cellulose, which absorbs dyestuffs in a similar manner 
to artificial siUc composed of cellulose. Briggs, mentioned that 

Ibid,, 1918,28,224.# 

E. Risteiipart, Textilber., 1921, 2, 130 ; J., 1921, 255a. 

2’ BuU. Soc. Ind. Mulhouse, M)2(), 86, 484 ; J., 1921, 255a. 

2* S. M. Jones, U.S.P. 1,343,138-9 ; J., 1920, 542a. 

S. M. Jones and. 0. Harlow, U.S.P. 1,392,833 ; J., 1921, 809a. 

30 J., 192(F, 322t. 

“ J. Soc. Dyers and Col., l§2l, 37, 287. 
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an old bath containing products of hydrolysis was more effective 
than a fiesh one. This appears contrary to the ordinary laws 
governing hydrolysis since the products formed generally retard 
hydrolytic reactions. Briggs also showed that the hydrolysis is 
greatest at the surface and gradually decreases towards the 
centre. This opens out somd very interesting theoretical points. 
The saponification and dyeing processes can, if desired, be carried 
out simultaneously. 

(2) Swelling of the silk with ammonium thiocyanate followed 
by dyeing with certain acid and basic colours. This process only 
improves the affinity of the silk for the dyestuffs and does not 
impart affinity where it did not jireviously exist. The improve- 
ment is undoubtedly duo to the development of surface by the 
swelling process. 'Phe same treatment improves the dyeing proper- 
ties of wooL“® 

(3) Dyeing with basic colours. This proceeds without mordanting, 
but the exhaustion of the dyebath is not very good. The addition 
of salts assists the dyeing in a similar manner to that met with in 
cotton dyeing. The fastness to light of’ the ri^sulting dyeings is, 
in one or two* cases, greater than that of the same dyi'stuff on 
tanned cotton. 

(4) Dyeing with gallocyanino derivatives. This ])i’o(5eeds in a 
similar maniKu* to the process with basic colours and in a few cases 
the absorption is very good. 

(5) Dyeing with developed colours. Cellulose acetate has a 
strong affinity for organic bases and such can b(‘ diazotised and 
developed on the fibre in the usual way. Neither the diazotisation 
nor the de .^elopment proceeds in the manner nsn^iBy met with in 
dealing witli such dyeings anif occasionally (jtie llnds entirely 
different colours produciMl. 

(6) Alizarin dyestuffs dye directly without a mordant m virtue 
of their phenolic and ketonic functions but the shades are not the 
same as those usually obtained with the alizarins when dyed on 
mordants, neither can such shades be secured by after- mordanting. 

(7) Azo dyes. Certain sulphonated azo colours have an affinity 
for cellulose acetate and can be dyed direct from, a ^^th containing 
salt. 

(8) Vat dyes. Some of these can be applied from a bath con- 
taining ammonium* salts to lYjduce the hydiolysing effect of the 
caustic sod^- usually employed. Ammonia docs, however, hydro- 
lyse the silk and must be used carefully if hycfrolysis to be avoided. 

The h)troduction of a new product such as cellulose acetate 
necessarily brings forward new sets of problems for the dyer and 

« J. F. Briggs, E. W. Palmer, and Brit. Cellulose Co., E.P. 168,340 ; d., 
1921, 213a. 

e M. Konig, Textilher., 1921, % 178 ; J., 1921, 385a. 
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the production of .^olid shades in •mixtures of this product with 
cotton, wool, or silk is perhaps the most difficult of thes*D. 

Nothing really neA^ 4n dyeing processes* for cotton, wool, and 
silk has been produeed- during the past year. 

A process analogous % the production of Nitroso Blue is described 
by Wahl and tJuiiidon,^^ a mixture? of a nitroso compound and a 
diamine being used for the dyeing of wool. 

A claim is made by Bayer und Co.^® for improving the fastness 
to lignt of dyeings on wool by after-treatment with phospho- 
tungstates, the process being aj)plicable to dyestuffs containing 
sulpho- and amino-groups. 

The use of fustic as a developeT fe)r diazotisod amines in place 
of y6?-naphthol has been sugg(‘stcd by F. A. M. Noclting."'® 

A series of dyeings with tannic acid as developer is described 
by A. F. hlfere^stand A. ,1. Hall who inentfoncd a German Patent 
(55,837) as having covered part of this work. 

A red dyestuff not hitherto us(h 1 in dyeing is obtained by coupling 
'//Miitro-o-anisidine with Naphthol A.S.*‘“ 

A ra])id method of ])ii*)(lueing dyeings of this type is mentioned 
by F, M. Rowe and K. Levdn.^*® , 

The influence of the degree of dispersion of dyestuff in the indigo 
vat on the colour and fastness of the dyeings obtained is discussed 
by M. Frciberger.'*® 

• . • 

T ft ''or If of Dyeing. 

An ('xtremely inteix^sting i>aper is that on the co-ordination 
theory of adjec.tivc dyeing l)y G. T. Morgan.'** The effect of 
ch(‘late grouj)ings in the formation of metallic com])oiyids of dye- 
stuffs is dcscrilTecf, such compouhds seldom showing the ordinary 
chemical. '[M’ope rties associated with the metal present. It is 
interesting to sim* the manner in which physics is gradually forcing 
itself on the notice of the chemist. Werner's theory of co-ordina- 
tion, whiidi discifrds the hypothesis of fixed or constant valency, 
was originally pioduced to explain the existence of complex inor- 
ganic substances. ’’The more recent developments arising from the 
work of Thomson, Rutherford, and the Braggs and developed by 
Bohr, Lewds, Langmuir, and many others, will undoubteiily play a 

Rev. Gni. Mat. Col, 1020, 24, 170 ; ,/., 1921, 77a. 

143,242 ; J., 1021, ;i8r)-A. • • 

8oc. liid. do Rou^ii, Noto^’o. 1074; J. !>oc. Dye^ and Col., 1921, 37, 
00 . • 0 * 

3’ J. Sue. Dyerf^ and Col, 1021, 37, 227 ; J., 1921, UOIa. 

=*8 W. Kiolbasenski and C. Benodok, Textilber., 1021, 2, 281 • J., 1921, 
r)70A. 

J. Soc. Dyers and Col, 1921, 37, 204 ; J., 1921, 021 A. 

Textilbdr., 1921, 2, 84 ; J., 1921, 175a. 

« J. Soc. Dyers and Col, l921, 37, 43 ; J., 1921, 175a. 
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very great part in the chemistry of the future. The new generation 
of chemists should miss no opportunity of becoming familiar with 
the electrical explanation of chemical phenomena. As far as 
dyeing theories are concerned we are rapidly approaching the 
time when we need not argue about the relative merits of solution-, 
surface-tension-, or adsorption theories, chcmicai or electrical 
theories : they all prove to be electrical phenomena. It is with 
full knowledge of the developments some of which arc not yet 
published that the v^Titer asserts that the electrical theory has 
come to stay, whether it be written in chemical or electrical lan- 
guage. The importance of intramolecular spacing in fibres cannot 
be overestimated ; it enters into nearly every example of dyeing. 
Recent work by Haller*" deals mainly with the application to wool 
of the electrical theory as developed by W. Harrison.** 

Printing. 

No important advances in printing have been published during 
the past year. 

Useful notes on battick printing are giyen by L. Kolhuann.** 

Interesting observations on the effect of anthra((uinoiie deriva- 
tives in assisting the discharge of a-Naphthylamine (Jlarct are 
described by M. Battcgay, A. Lipp, and H. Wagner.*^ 

An explanation of the function of manganese dioxide in producing 
a reserve under indigo is given by R. Haller, *« who recommends 
the use of a zinc-lime vat instead of a hydrosulphito vat for this 
purpose. There is no doubt that the effect is duo to the formation 
of a scmi-permeablo membrane of manganese dioxide which coats 
itself with precipitated indigo by oxidation of the indigo-white at 
the surface of contact. The ma/'iganese dioxide must be formed 
on or in the thickening agent and not only on th*e fibre ^r a clear 
white will not be obtained. This is to be expected since the film 
is not strong enough to withstand any mechanicql disturbance. 

The production of ornamental effects by the action of pressure 
on moist fabrics prior to dyeing, as described by W. ,Warr,*’ is 
not new, fiaving been nsed by the writer in 1906. The process 
w^as not sufficiently practical to warrant further work being done. 

. Finishing. 

The production of transparent effects on cotton by the action 
of sulphuric and, nitric acids is the subject pf a patent by J. E. 

« R. Haber, Kolloid-Zeits., 1921, 29, 95.'; J., 19C1, 655a. . 

*3 J. Soc. Dyers and Col, 1911, 27, 279. 

** Ch!km.-Zentr., 1921, 92, 35 ; J., 1921, H45a. 

*6 Bull Soc. Ind. Mulhouse, 1921, 87, 233 ; J., 1921, 655a. 

*« Textilher., 1921, 2, 173 ; J., 1921 385a. 

*’ The Calico Printers Assoc., Ltd., and W. Warr, E.P. 166,346 ; J., 
1921. 622a. 
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Poliak.^® The process is sinylar tR that described in numerous 
patents by Heberlcin and is apparently^ applied with Success on 
the Continent for the* tfcatment of light nfuslins. 

A claim is made fot the production of wool-like effects on cotton 
fabrics by the use of Rascin, serum albumin, and other proteid 
substances treated with (^onccntratdH mineral acids either before 
or after application to the fabric. Starch is said to act in a similar 
manner.^® 

The supposed interlocking of the scales of wool as an explanation 
of felting still appears to hold its fascination^® in spite of the fact 
that it has been proved untenable. 

S. H. Higgins and A. Hodge'*- give an interesting article on the 
])reparation of cloth for finishing. This article disc.usses the 
numerous faults in woven fabrics which prevent finishers from 
producing good results. The advantage's t(f be gained by closer 
co-operation between manufacturers and finishers arc put forward. 

SlZINfl. 

Tt has been proposed to'use a mixture of china-eday and a neutral 
silicate as a sizing agent in ])lac(; of starch, the? size' being I'cmoved 
by water prior to bleaching.*'^® As sjlicates are readily de'composed 
by the carbon dioxide of the air,iit would be interesting to learn 
how much of the^ product would be removed by water after six 
months’ exposure to air. In later pateilts colloids are added 
to th(^ silicate, pnisumably to prevent the fixation of the silica by 
the action of carbon dioxide. 

• . Proofing. 

Where i^vics c!ved with various types of dyestuff arc required 
to be made waterproof, the vulcanising process described by S. J. 
Pc-achey^® offers, many advantages over the* older processes. 
Peachey 's process Consists in the treatment of the rubbered material 
alternately* with hydrogen sul])hidc and sulphur dioxide ; the 
sulphur produced in this reaction at onc^ vulcanises t|je rubber. 
Where thicker layers of rubber have to be vulcanised, such as in 
tyres, it is appardlttly adv’^antageous to use one or both of the 
gases under pressure. 

*8 E.P. 167,864 ; J., 1921, 691.\. 

Soc. Gillett et Fils, F.P. §06,188 and 506,403, T&xl. lual.t 1921, 
12, 90. • • 

8® F. Hardcastlo J., Soc. Dyers wvi Col. 1921, 37, 117. 

W. Harrison, ibid. * 

J. Textile Inst., 1921, 12, 268, 

5® A. Poulson, E.P. 152,096 ; J., 1920, 779 a. 

8^ A. PoulA)n, E.P. 163,103^and 163,915 ; J., 1921, 506a, 766a. 

88 J., 1921, 6t. 
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With reference to tyres, an interj^sting paper is given by R. 
Truesdale \ind C. Hayes,,^* showing the behaviour of rubbered 
fabrics when shaped oVi the tyre. The observations were made 
by means of X-rays, a certain number of threads in the fabric 
being specially treated with materials opaifue to these rays, so as 
to form reference threads. *' 

Some interesting details regarding the structure of tyre fabrics 
arc given by J. Crompton.” 


Testing. 

Several important points relating to the testing of bk^acihed, 
dyed and water] )roofed yarns and fabri(!s an* given in pajiers by 
A. .1. Turner, E. A. Fisher,'^® and J. Huebner.®" 

As regards the testing of the fastness of dyeings bo light the 
violet carbon are. is said to give results nearest to those obtained 
with sunlight.®^ The disadvantages of the mercury arc light 
have been known for some time. 


i> t. 

Faults. 

f 

A eolk^ction of useful information relating to the cause of defects 
in dyeing is givTn by L. L. Lloyd.*^ 

The action of formaldehyde in producing discolorations in dyed 
fabrics is discussed by F Ristenpart. 

In the bleaching of cotton the two most common causes of trouble 
are oxycellulose and hydrocellulose, and any information on the 
means of detecting these substances is of considerable value. It 
has been k^nown for some time that there arc different kinds of 
hydrocellulose and oxycellulose.^ HydroceiluloAe ' made by the 
action of sulj)huric acid on cotton dyes with Methylene piue in a 
similar manner to oxycellulose. It has been shown that this 
property of the hydrocellulose is due to compewnds containing 
sulphur, most i)robably sulphonic acids of cellukjfee, which arc not 
removed by boiling caustic soda solution. E. Knecht and F. P. 
Thompsonj®^ give a method for differentiating betw^een this hydro- 
cellulose and oxycellulose, the former having a much greater 
attraction for Rhodamine B than the latter. The resisting effect 
of oxycellulose tow'ards direct colours is lost when the material is 

./. Text. Imt., 12, 418. * 

Ibi(L, y)2l, 1&, 840, 379. 

IbuL, 1921,12, 137. 

Ibid., 1921, 12, 197, 252, 337, 385. 

J. Dyera and Col, 1921, 37, 71 ; S„ 1921, 254a. 

J., 1921, 149r. 

J. jSoc. Dyers and Col., 1921, 37, 101. 

Textilber., 1921, 2, 213 ; J., 1921, 505a. 
c. J.^oc. Dyers and Col, 1921, 37, 270 ; J., 1921, 841a. 
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boiled in caustic spda solution, t?ic effect of the hydrocelluloso 
remaining unchanged. From a practical^ jioint of view the problem 
cannot be considered Solved at present because the trouble is 
seldom noticed untib the materials have been dyed, and it often 
happens that alkali is iSsed in the dyebath. 
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By P. Parrish, A.I.C., 

Manager, SovlJi Mefropolilxin Gas Co., Chrtniral [rr>rZ’.s\ Phmmx 
^¥harf, East Oreenirich. 

The lieavy chemical industry, during the year under review, 
has suffered from a financial strain and gentTal dej)r(‘Sjsi()n hitlierto 
unparalleled in its history. At the time of the last revi('w the 
industry was at the end of a grt‘at trade boom, the artificiality of 
which was singularly apjiarent. It became clear that the world 
had not so much healed its wounds as realised its injuries. The 
reflex of the depression is not so much seer! in the ]>a ueity of chemical 
invention as iif the limitation of the opportunities for the application 
of the fruits of research. 

Nothing appears to stifle Sf3mi-teehnical exiierimentation so 
much as financial strain and uncertainty. Broadly speaking, it 
is true to say that technical development and pr<.)gress have been 
retarded by the acuteness of the depression in questicui, by the 
extraordinary stat(‘ of foreign exchanges, and by the inordinate 
cost of such basic items as fuel and transport, and (iiartially) 
labour. i 

The effect of the war upon the heavy chemiea^ industry is strik- 
ingly dealt with by G. (A C-Iayt/on,^ and it is only nw(3.ssary to 
supplement his singularly ajiposite commemtary by Remarking 
that the unjirofitable nature of the wet (jopjier Cxti’action process, 
and the failure to arrive at a suitable returning charge between 
those concernetl, has led to several such works resoiTing to the 
combustion of sulphur, •or .spent oxide, in lieu of cupreous pyrites, 
in the manufacture of suljihuric acid. ^ 

The peculiar position created in the gas industry as regards the 
value of ammoniacal liquor *^ still remains unsolved. One would 
have imagined tlmt the situation could have b(H‘n relieved by the 
assistance ^of th^ ammonia-soda indpstry to' the mutual advantage 
of both industries. That the j)eculiar ciitumstanees named have 
given a^fillip to the ammonia-soda industry (to the possible tempor- 
ary detriment of electrolytic caustic soda processes) cannot be 
doubted. 

* X, 1921, 443r. 

% 2 Qas World. 1921, 75, 587. 
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. Nitrogen Industry. 

The departmcnf »f •Scientific and Inchistrial Research ^ hag 
published a supplewici\t to the original rt^port of the Nitrogen 
Products Committee, *giving statistical information concerning 
the nitrogen industry during the hiiter part of the war and down 
to the end of 1920. Thcst^ figures reveal that Germany’s resources 
of fixed nitrog(‘n amount to 8S80 tons per million of population, as 
contrasted with 2240 tons per million of our population. Inter- 
esting particulars are furnished concerning synthetic nitrogenous 
fertilisers in Germany. ^ Th(^ following annual i)roduction figures 
an? given: — (ymamide, lO0,0OO tons (fixed nitrogen); synthetic 
ammonia, 300,000 tons ; ga.s ano coke ovens, 1(K),000 tons .* total, 
500, (M)0 tons fixed niti’ogen. 

As an indication that tlu’! use of Chile saltpetre is ra})idly declining 
it is shown that, whereas in 1913 770,000 tons was imported, the 
imports in 1920 wer(‘ only 4O,0fK) tons. 

Intimately coniKuded with the German nitrogen industry® is 
tlie disastrous exjdosion^vhich occujp-ed at Opjiau on the morning 
of S(‘pt(‘mber 21st, 1921, involving a loss of life variously stated 
as from four hundred to a thousand, and injuries to one thousand. 

Thc' t‘Xi)losion, ac(u)rding to a report of the directors issued on 
Se'ptember 23rd and published in*the Ch‘rman jire'ss during October, 
oj’iginated in a store of 450(]^ tons of “Ammonsulphatsalixtor.” 
47iis t‘X])lanation seems to have been genorady acc(‘ 2 )ted. Adverse 
criticism has, how(‘V(‘i', been l(‘V(‘lled against the investigation work 
upon which the stability of the material had been decided. Although* 
it is int(‘r(‘sting to spc'cailate- u 2 )on the i)ossible causes of the exjilosion, 
nothing but tk' •findings of a f^ommis.sion of Ihiquii^ of expert 
technical tact. moment to thc chemical industry. 

Sy7ithesis of Ammmia. 

G. Cdau^le® deals with the actual state of thc synthesis of ammonia 
at extremely high ju'essure, indicating that the compression of the 
reacting gases from 100 atm. to 900 atm. is effected in one stage 
by a hy[>er-comi^’ossor capable of dealing with 700 cubic metres 
of the gases per hour. This quantity suffices for an *apparatus 
rated at a production of 5 tons of ammonia per day. The contact 
unit comiirises four tubes, two in j>arall(d. and f%n tw^o in series. 

By suitable regulayon of* a continual process for distilling the 
excess mixture (air) described by W. Lachmann,’ it is possible to 

3 J., 1921, 28711. 

4 J., 1921, 237k. 

® J.y 1921, 381h. Times, Oct. 14-17, 1921. 

« Cmiptes rind., 1921, 162. ^42 ; J., 1921, 214a. 

’ U.S.r. 1,303,059 ; J., 1921, 471a. 
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obtain either nitrogim or oxyg(‘\i in ajjure stat/^ from the rectifying 
column, bht not both. , 

The advantage of a process protected \)y th(‘ Badische Anilin 
und Soda Fabrik*^ for the manufacture of nitro<^en-hydrog('n mixtun^ 
is said to reside in the fact that the gasification periods may bo 
considerably extended ; if th(‘ water vapour l)e ])re-heated the 
intercalation of the heating periods may even be entirt^ly disj)ensed 
with. The gas mixture may be ])repar(‘d by introducing air with 
the steam into a water-gas producer or by mixing with Dow^son gas 
in suitable proportions. 

The (Claude process is described in detail by H. West.® In 
principle, it is similai* to the Haber proet‘ss, but, whereas Hab(‘i‘ 
works at a pressure of 200 atmos])heres, Flaud(‘ us(‘s 000 atim^s- 
pheres and a temperature of about 000° (\ Oik* rej?ult of this 
high compression is tliat small j)ii)(‘-vvork mininiisc's tlu* difticulty 
of gas-tight joints and valves. The chief advantage of tiu* proc(‘ss, 
however, is speed and economy in the actual eombination. The 
proportion of combination is much higher at 000 atmosj)her(‘S than 
at 200, and therefore the h(*at produced' by the reaction is also 
higher. In thA Haber ])lant catalyst vess(*ls arr* of very larg(' 
size in order to minimise radiation losses, but in the C'laudc* pj’oe(*ss 
these vessels are (piiti* small. (\>mparative elticiencies (exjiressed 
as grams of the product per hour jier litre- volume occujiied by tlu* 
catalyst) are Haber 350M00 gram^i and (’laudt* btKlO-HTOit grams. 
The time required to start the Haber jilant is three days, whiTeas 
•the Claude plant will jiroducc* ammonia in 4-5 liours, starting all 
cold. Claude catalyst tubes are of Vicronic, or high tensile alloy (cast 
solid and bored out), and tlic basis of the catalyst is jieroxidised 
iron. * , 

In the recovery of the ammonia tin; (^laudc^ piocess shows advan- 
tages over the older process. Under the Haber condil-ions of 
200 atmospheres w^ater is injected into th(^ syst(‘m, and the ammonia 
recovered as an aqueous solution. At 000 atmosjdieres simjile 
r water-cooling is suOicient to liquefy the whok* of the amrflonia w ith 
the exception of 2-3%, •which can be removed by absor])tion in 
sulphuric acid. ^ 

L. Dujiarc and (.. Urfer^® protect a process foj‘ tlie ])roduction of 
catalysts for ammonia synthesis by which a pulvia’ulent mass is 
produced consisting of a reducing metal (aluminium fir mag- 
nesium) distributed in a finely-dividiHl and purf* state over the 
oxides of such reducing metals as lithiuRi, ui’anium, calcium, 
barium, strontium, titanium, (‘tc. which serve as the airrior. Cata- 
lysts pro(*iucc(l by this process are sa*id to lie highly a(*tive and 

' » E.P. 145,058 ; J., 1021, ^508a. 

® J., 1921, 420r. 

4® E.r. 140,001 ; J., 1921, 40Qa. 
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may be utilised for synthesis of afiiinonia at atmospheric pressure 
and at temperatures bctween*250°-6(K)° C. • 

A catalyst for amifiohia S 3 Tithesis and tlfle process of' preparing 
it is described by J. Clancy.’^ 

A })rocess for the mjfnufacture of catalytic iron, especially free 
from inhibitive*substances, for ammcfhia synthesis, has been covered 
by the Nitro-Fixation Syndicate, Ltd., and H. C. Jenkins.^^ 

Nitmjen Fixation {Other Methods). 

The preparation and properties of calcium cyanamide have 
been investigated by N. Kameyanui.^^ It has been found, inter alia, 
that when calcium cyanamide is prepared by igniting urea witli 
lime, calcium cyanate is formed as an intermediate product at 
temperatures below 300° C., transformation 4nto cyanamide occur- 
ring slowly at 340°-3G0° C., and rapidly at and above 450° C., 
and that heating should be of short duration to prevent oxidation 
of the cyanamide ; 5-7 minutes is adequate. 

T. C. Hagemann^^ fiurnishes details of the power cost in the 
arc process of nitrogen fixation, showing that the yigld per kw.-year 
amounts to only 115 kg. of fixed nitrogen, as contrasted with 
450-500 kg. yielded by the cyananlide process. Graphs are given 
showing the cost of energy in the*arc j^rocess as a percentage of the 
market price, the latter being taken as either £150, £100, or £73 lbs. 
per ton of combined nitre gen. Cheap water power is taken as 
costing £1 4s. per kw.-year, the average cost of water power is 
estimated at £2 per kw.-year, and steam-generated power at £3 15s. 
per kw.-year. At a power cost of £2 Gs. per kw.-;jear, power 
charges amount* td 15% and 20%»re8pectively of the market prices, 
£150 an4^00 pcj' ton of combined nitrogen. 

In the arc process for manufacturing calcium nitrate, 15% of 
the yielS is obtained as sodium nitrate, the murket price for the 
combined nitrogwi of which is G7% more than that in calcium 
nitrate. • 

G. Polysius'^ provides for the lining of calcium ^cyanamide 
furnaces with quartzite, cement, or concrete, with or without 
admixture of cen!ont clinker. No reaction takes plac^ between 
the charge and tlie lining, nor does the charge adhere to it. 

The Baycrische Stickstoff-Werke A.-G.^® parent a process and 
furnace for the production of high-grade 'jrude calcium cyanamide, 
by which the nitrogen^ecessary for the r(‘action is broAght into the 

“ U.S.P. 392-3 ; J., 1921, 4694. 

E.r. 159,960 ; J., 1921, 300a. 

« J. Coll. Eng. Tokyo Imp. Unio., 1920, 10, 173, 209, 24(1 ; J,, 1920, 818a 
Chem. Trade J., 1921, 68, 170 ; J., 1921, UHa. 

G.P. 330,9*43 ; J., 1921, 259a. 

C.P. 396,613 ; J., |921, 346a. 
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furnace through channels in ttte wall. Small pharges are arranged 
together in the furnace and the ignition point is attained simul- 
taneously. ♦ ‘ * 

The dissociation pressures of iron nitrides have been calculated 
by A. A. Noyes and L. B. Smith.*’ From 'the data they afford no 
hope is entertained of the direct synthesis of amrAonia from iron 
and nitrogen. 

A method for the production of ammonia and ammonium sulphate 
by the action of steam on cyanogen compounds formed in the 
distillation of organic nitrogen compounds is patented by F. J. 
Collin, A.-G. zur Verwertung von Brennstoffen u. Metallen.*® 

T. C. Hagemann gives figures representing the costs for the 
arc process of nitrogen in order to show that tliis process is profitable 
in Norway. Power represents half the running expenses. Calcium 
nitrate is now being exported from Norway in increasii% quantities. 

A mmonimn Gomponnds. 

A process for the direct prpduction of (immonium chU'ride from 
ammonium carbonate has been patented, based on the passage 
of dry or almost dry hydrogen chloride over dry neutral and/or 
acid ammonium carbonate, or. into solutions containing the same 
in suspension, with or without ammonium chloride, in addition. 
After separating the solid product the mother liquor is subjected 
to treatment with ammonia and carbon tfioxidc, liberated by the 
action of the hydrochloric acid on a previous quantity of the material, 
to produce a fresh suspension of ammonium carbonate. 

R. Ijessing'-^* has found that the impurities which colour com- 
mercial anfmonium sulphate exist as a fine deposit on the surface of 
the crystals and that by agitating the product fi'om the saturator 
with an upward current of slightly acid saturated ammonium 
sulphate solution at approximately the same temperature as* the salt, 
a white sulphate can be obtained. The dirty solution is filtered, 
and re-used, the white sulphate being centrifuged and neutralised. 

Acid ammonium phosphate is prepared by passing ammonia 
into a sollition of phosplioric acid, sp. gr. 1 - 26 , until the specific 
gravity reaches 1 * 28 , when acid ammonium phiosphate is preeij^i- 
tated. ** 

A process for the production of iron-free ammonia alum has 
been patented by R. Gans.’*® The purity of the alum ])repared by 

*’ Cfiem. Age, 1921, 4, 358 ; J., 1921, 298a. I 

*« G. P. 328,829 ; J., 1921, 389a. 

*» Gherm and Met. Eng., Mar. 23, 1921 ; J„ 1921, 21Sr. 

20 Wagenmanh> Seybel u. Co., G.P. 323,038 ; J., 1920, 722a. 

, 21 E.P. 152,766; J., 1920, 819a. 

22 Gewerkschaft ver. Constantin dor Grosso, G.P. 307,093 ; 1921, 4.5a. 

,23 E.P,.132,510 ; J., 1921, 79a. 
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this method is of tli^ order of 0-1%* of iron referred to the alumina 
content. ^ ^ • 

A process for tramfforming free or co7nbined ammonia into 
ammonium sulphate? has been devised by G. N. Vis.^^ Ammonia 
(free or combined) witit steam and inert gas is absorbed by means 
of sodium bisulphatc practically fil3e from uncombined sulphuric 
acid to obtain a double sodium ammonium sulphate. The resulting 
solution is diluted and cooled vso as to crystallise out Glauber salts. 

An invention of C. Still relates to saturators for producing 
solid salts by the interaction of gases with liquid, and particularly 
to ammonium sulphate saturators. 

W. Wyld^* in an interesting aHicle deals with the distillation of 
ammoniacal liquor, indicating several modifications to the usual 
t 3 qie of stills, used both for the release of ammonia from ammoniacal 
liquor, andT for the production of caustic anfmonia after the release 
of carbon dioxide and hydrogen sulphide, etc. 

A.-G. fiir Anilinfabr.-^ prepare powdered ammonium sulphate 
by spraying through ammonia gas under pressure, solutions of 
ammonitfm bisulphate •r sulphuric <«.cid. 

Further details of the manufacture of ammoniym chloride and 
potassium nitrate are described by Badische Anilin u Soda Fabrik.^“ 
To economise the use of fuel ill the treatment of ammoniacal 
liquor J. H. Fairwcather concentrates the liquor in a Kestruu* or 
other evaporator, releasing mf)st of thtvfree ammonia, which w 
absorbtul in known manner. The residual lic^uor jiasses through a 
heat interchanges back to the gas works (;ircuit, and (drculation 
is continued until the content of fixed ammonia is such as to warrant 
complete distillation. ^ 

G. P. Heisclf ^‘^patents a sulplfete of ammonia saturator in which 
provisic»r^s muic for the introduction of the ammonia gas by 
tangential jets in an annular pipe. Thus a vortex motion is set up. 

P. i^arrish and South Metropolitan Gas (Company cover the 
manufacture of ammonium sulphides by a process which n(*cessitates 
the maintenance of the liquor in a preliminary still at a specific 
temperature and pressure. • « 

In a method and apparatus for the recovery of ammonia from 
ammoniacal liqfitjj, W. Cf Holmes and Co., M. Boococjc, and W. 
Wyld “2 provide jackets (to the chambers in wlpch the liquor is 

U.S.P. 1,300,301 ; J., 1021, 147a. 

G.P. 328,304 ; J., 1921, 14Ja. 

Chem. Age, 1021, 4^358 ; J., 1021, 298a. 

G.P. 320,350 ; J., 1021, 217a. 

28 G.P. 300,334 and 307,112 f J., 1021, 170a, 470a. 

2“ E.P. 105,833 ; J., 1921, 582a. 

2" E.P. 100,030 ; J., 1921, 583a. 
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heated and sprayed) through which other gases are passed, and the 
liquor is preheated by passing it through tubes which traverse 
the jackets. 

A.-G. fiir Anilinfabr.^^ manufacture solid '’ammonium chloride 
by permitting hydrochloric acid gas and aWraonia to react in the 
presence of a fine spray of w&ter. The quantity of the latter is 
adjusted to absorb, hy vaporisation, the heat of reaction, which is 
thus permitted to proceed to com2)letion. 

Nitric Acid and Nitrates. 

Details of the ammonia oxidation plant of the Hdchst Farbwerke, 
erocted at a cost of about £1,000 ,()()(), and having a capacity of 
24,000 tons of ammonia, or 140,0tK) bms of nitric acid, per annum, 
are described by J. RV Partington.-*^ 'Phe sources of ammonia in 
connexion with this plant are:— (1) Synthc'tic (25-27% NHg); 
(2) Concentrated gas liquor (20% NH ..j), and (o) cyanamide ammonia 
liquor (22-27% NH.,). The li([uor is rectifiefl in four stills each 
with a capacity of 20 tons of ammonia p.u’ day. Ammonia from 
gas liquor is s,crubbed with caustic soda soluticui (48 -53'^ Tw.) 
and passed through charcoal ])urifiers, mc'tered through Venturi 
meters, then driven by centrifugal blovvau-s to the filters and con- 
verters. The mixture is maintained at 12-5% NH^ (by volume). 
After filtration through c’ghi layer., of linen cloth the gas is passed 
through two central mains to the converter house, whence it is 
diverted to the 224 converU'rs. The maximum output of each 
converter is 1*5 tons HNO3 24 hours, the etficieiK^y of oxidation 
being 89 %j The over-all efficiency (including absorption and 
concentration of w^eak acid) is 8^%. The body of the converter 
is cast iron and the catalyst a platinum gauzi‘ 2?) in. in diameter 
supported on a grid of stout platimmi wires. The gases from the 
converters are passed to four rows of eight absoq)tion' towers, 
each row of towers being provided with twedve ^.oolers of special 
design. The towers (41 feet high by 21 feet diameter) are of brick 
and packed with stoneware rings. The internal volume of all 
towers is equivalent to 81 cub. ft. per lb. absorbed per minute. 
Twenty-five per cent, of the oxides are absorb??d as nitrates by 
saturated sodiuiji carbonate solution fed to the last two towers, 
and the nitrate is evaporated by waste heat from the converters. 
The remaining towers are fed with water for tlie production of 
nitric acid. The acid from the towers is wate'‘-cooled in silicon-iron 
coolprs and received in brickwork stock tanks. The tower acid 
is concentrated by mixing seven parts of this acid (50% HNO3) 
.with one part of sulphuric acid, and then de-nitrated. 

3>G.P. 320, G19; J., 1921, 178a. 

V •/., 1921, 165k. 
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Intert'sting exporiijients affectiiig\hc manufacture of nitric acid 
by the Schonherr ^arc process have been made by F*. Kodera, 
I. Kitawaki, and B. Yokohama.^® ♦ 

N. C. Hill and H* I^. Moylcr^® describe an apparatus for the 
continuous manufacture of nitric acid. A rotating retort is used, 
alkali nitrate being introduced midway into a flow of hot sulphuric 
acid, which gradually merges into a flow of bisulphato. At a 
point adjacent to that at whicdi the sulphuric acid is introduced, 
the nitric aedd vaj)ours are drawn off. 

The Badische Anilin und »Soda Fabrik^’ patent a process for 
catalytic convtTsion of ammonia into nitrogen oxides. The catalyst 
in this proc(‘ss consists of co]>pcr )xide with a lesser quantity of a 
com])ound of lead and manganese containing active oxygen. A 
yi('ld of 9Q% of nitrogen oxides is obtained by passing a 
7% ammonia-air mixtur(‘ over the catalyst. * 

To obviab^ the f(jrmation of ammonium nitrate and ammonium 
nitrite S. Du pare and (1. Urfer patent a method for the direct 
oxidation ^of ammonia. A mixture of four volumes of ammonia 
and sc^v(‘n volumes of oxygt‘-n is passed in an undried state at a 
eoni])aratively high velocity over a catalyst of rhtldium black or 
asb(‘stos containing .‘5-5% of rhodium, the reacting gases being 
heated to .5()0°-().50'^ D. In this wjiy a yield of 97-100% of nitrogen 
jM'roxide is obtained. 

W. WykP^ d(?als with the use of ammf)nia oxidation units for 
sul])huric acid manufacture, suggesting the use of two layers of 
wire of ()*0l2r)in. diameter and 120-1 r)0-mesh, as contrasted with 
t he usual practice of four layers of 0*00.5 in. diameter, and 80-mcsh, 
if platinum is totb<j economised. J^o obviate rust reaching, or being 
deposited thet italyst, it is recommended that lead pipe should 
be used ^rom tlie still head to the convtTter. Pn'cautions are 
indicated by whieb disintegration of the asbestos washers is 
avoided. A 90% efficien(;y is easily maintained. 

A process of concumtiatiiig dilute nitric acid has been patented 
by H. FrischcJ,'*” by which such dilute nitric acid is introduced 
to a liquid, unaffected by it, of high bailing point. Phosphoric 
acid, sulphuric ac’^l, and aTsenic acid may be used. The liquid is 
heated to U0°-1G0 ' C., and the nitric vapours are conducted to a 
dephlegmator. 

With an air-ammonia mixture of 8*3% of Nlf^^by volume and a 
catalyst consisting of a mixture of cobali-ic and alumipium oxides 

a-"* J. Chem. Jml. Tokyo, 1920, 23. 1010 ; J., 1920, 817a. 

3«IT.8.F. I, .302,418; J., 1921, m. 

G.P. 301,362 ; J., 1921, 79a. 
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in the proportion of 100 parts \)f cobalt to 2-5-30-0 parts of alu- 
minium, a conversion of 84-5% is obWned by the process of the 
General Chemical Co.^^ ' If the catalyst is prepared at a temperature 
not exceeding 650° C. a conversion as high as 04% is possible. 

A patent for the preparation of oxides^ of nitrogen has been 
protected by the Badische Anftin u. Soda Fabrik,^^ ^hich the 
gas mixture (ammonia-air) preheated to over 400° C. is allowed to 
come in contact only with (a) silica or glazed ware high in silica 
and {b) oxides or carbonates of calcium, magnesium, or aluminium, 
or a mixture thereof in massive form, before reaching the catalyst, 
which comprises base metals or their oxidc^s or mixtures or 
compounds. 

A regenerative furnace for the combustion of nitrogen has been 
patented by Gewerkschaft des Steinkohkmbergwerkcs Lothringen 
and M. Kelting.^^ 

The Badische Anilin u. Soda Fabr.^^ cover a process for th(‘. 
production of nitrogen by which producer-gas is burnt with a 
slight excess of air, pure hydrogen being added to combine with the 
excess of oxygen, and carbon dioxide ancf other impurities su])se- 
quently elimimfoed from the gas. 

In an article on the concentr^ation of nitric acid, by K. Galle,'*'^ 
it is pointed out that the maxinum strength of the nitric acid 
prepared by the oxidation of atmospheric nitrogen or of ammonia 
is 50% nitric acid. Details of the Pauling? tower as improved for 
this purpose by Hoenig and results of working are given, as also 
particulars of laboratory experiments showing that, with an (effective 
fractionating column, dilute nitric acid can be concentrated to 
65% HNO 3 ' without the use of sulphuric acid, wi+h-no appreciable 
loss. 

A continuous process for the manufacture of concentrated 
nitric acid is suggested by Bayerische A.-G. f. Ghern. u. Landwirt- 
schaftl. Fabrikate, H. Hackl, and H. Bunzel,^® l^y the treatment 
of heated barium nitrate with sulphuric acid in a vessej through 
which the mixture is conveyed by a screw. 

A process for evajiorating nitric acid is jirotected by the 
Badische Anilin u. 8 oda Fabrik^’ by whiclL acid is passed 
over heated metallic surfaces or bodies at a temperature of 
180°-250°C., in such a way that the liquid is kept from contact 
with these by a l^yer of vapour. 

" E.P. 136,158 ; J., 1921, 258a. 
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Porous ferric hydroxide or cantimony oxide or a mixture of these 
under pressure and g,t low temperature, i^ desired, is used by the 
Badische Anilin u. Soda* Fahrik^® as a catalytic medium for the 
conversion of the low5r cjiides of nitrogen into the higher oxides. 

The manufacture of nitric acid from the air by the explosion 
method is descrioed by F. llausser.^®* ' 

J. R. Partington protects a process for the oxidation of ammonia, 
whereby ammonia and steam are mixed in the presence of oxygen, 
and the preheated mixture is passed over a heated catalyst. 

A process for concentrating nitric acid is described by H. 
Frischer. 

A. R. Frank and N. Caro’’’^ protect processes of ammonia oxidation, 
in which (a) the contact agent forms a resistance in an electric 
circuit, and is thereby heated uniformly, or {^) the contact agent is 
constituted of metallic gauze. 

H. W. Webb^® communicates interesting information concerning 
an investigation made to determine the effect of individual variables 
by altering only one vari^ible in any particular set of experiments. 
11)e results show mainly that working in glass apparatus with 
sodium nitrate : acid ratio of 1 : PI by weight, decreasing the 
acid strength from 97% to 85% (thus decreasing the molecular 
ratio of acid, and increasing llie water present in the system), 
the yields of nitrogen in all form^ in creasec^ about P5% to a maxi- 
mum of 98’7%, although very little difference in yield was found 
between strengths of from 93% to 85% H2H()4. The losses of 
nitrogen, which exist/cd mainly in the nitre cake, fell from 0-5% 
to zero. Working on a small-scale works plant the results con- 
firmed those obtniued in the labo^tory, although the aiftual nitric 
acid yield off 4 / from 5% for the 96% acid to about 2-5% for 
acid of 95 % strength. The nitrogen recovery, all forms, was as 
high as that experienced in the laboratory experiments. Using 
the acid of optinyim strength 91% as shown above, and varying 
the weighty ratio from 1 NaNOs : 1-11 H2SO4 to 1 NaNOs : 0-934 
H2SO4, no* marked difference was obtained in the nitric acid 
recovered or of nitrogen, all forms, which were 97-5%-^8%, and 
()7.8o/^_9g.0o/^ respectively when working in glass in the laboratory. 
The same conditions on the small-scale works plant with 92% 
strength, however, gave a marked difference in the nitrogen yield, 
which fell off appreciably with a decrease in thft ratio of sulphuric 
acid, from approximately 98% to 94-7%, and yield oi, nitric acid 

G.P. 336,910 ; J., 1921, 508a. 
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of from 95-8% to 90-6%. 'rtic reason for these low results was 
traced to 'the action of the iron of the retort, which was attacked, 
much iron being found in the nitre-cake. 

An investigation by H. W. Webb®^ of the ^effect of the presence 
of chlorine and hydrochloric on the absorption of nitrous gas 
has shown that when a mixthre of chlorine and nitrogen peroxide 
diluted with air is passed through a series of absor])tion towers, 
there is a point where nitrogen peroxide is rapidly absorbed with 
the formation of an acid containing 55-60% HNOg and very 
little chlorine. Tests were carried out on a si'ries of eight towers 
(counter-current principle) with varying rales of water feed. From 
the results it was noticed that a sudden rise in concentration took 
place when the acid attained a concentration of 35-40% HNOg, 
and that this coincided with the greatest d(*erease in chlorine 
content. The tower in which this occurred varied with the rate 
of water feed. 

The influence of chlorine on the absorption of nitrous gases is 
explained as follows : At approximately 54% HKO;,, nitric acid 
contains only combined water (HNOa.CHaO) and th'v reaction 
HNOa-i-3H(-l N()(U+(32-1-2H20 takes place only with acid 
above this strength. The main reaction in the first towers is the 
conversion of the hydrochloric into nitrosyl chloride and chlorine, 
but when the gases meet with acid containing free wattu* th(‘ follow- 
ing reactions commence: (k) N()(fl-1 H2O HNOg+HCl ; 

(2) ClHB/.) HCIO-I HCl ; (3) HNO^-I HCIO -- HN()3+ 

H(fl, The chlorine thus oxidises nitrous acid (formed from the 
nitrosyl chloride) and also accelerates the conversion of nitrogen 
peroxide to nitric acid by oxidising the nitrous acid formed by the 
reaction between nitrogen peroxide and water, and by displacing 
equilibrium, causing a more raphl absorption of nitrog('n peroxide. 
Reactions 1 , 2 and 3 proceed rapidly until the nitric acid content 
is such that no fice water is present, then the reaction ^HNO 3 -|- 
3HC1 - NOCl-fCL-1 2H./) takes place. 

A method for the prevention of nitrogen losses in th.) oxidation 
of ammonia is protected by B. Frischer.®® 

- Aluminium and Compounds. 

To facilitate the. precipitation of iron from aluminium sulphate 
solution by the -addition of a potassium salt and 5-10% excess 
of alumina' (E.P. 9148 of 1914) the additio*" of impalpable mud of 
ground silicious residues from the treatment of aluminous minerals 
or native al^ite is suggested by®* F. Spence and Sons, Ltd., H. 

J., 1921, 163t, 212t. 
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Spence, and W. B. Llewellyn, l^is process admits of ready 
separation of basic ferric potassium sulphate. 

R. H. Tingley descrilTes the alunite deposits in the Tushar Moun- 
tains, Marysvale, l^alj where the mineral (K 20 , 3 Al 203 , 4 S 03 , 
()H20) contains 37% of aluminium oxide. It is said that the Tushar 
deposits resemme those at Tolfa, Itat^. The view is expressed that 
these deposits will afford sufficient alumina, as well as potash, to 
meet all American requirements. 

For the manufacture of alum and aluminium sulphates, 
A. Matheson^® proposes to heat alunite to 700M)00° C. in a furnace 
having superposed hearths. Sulphur gases from the furnace pass 
into a chamber at 400°-5()0° 0. containing a portion of the roasted 
ore. Sufficient water is added to form sulphuric acid. After 
treatment with the gases the produ(‘t is lixiviated to recover alum 
and aluminmm sulphate. * 

J. (Vjggin Brown ““ contributes an article having reference to the 
occurrence and exploitation of bauxite in India. 

• Argon Other Rare Gases. 

According to a patent by E. Barbet et Fils et Cie.''^ liquid argon, 
containing small quantities of nitj;ogen, is drawn from an air- 
rectifying plant and vaporised in a plate rectifying column, by 
means of a coil containing cold gitseous 'nitrogen. The vapours are 
passed through a condenser immersed in liquid nitrogen, and the 
liquid argon so obtained is returned to the top of the column, while 
uncondensed vapours pass back into the air rectifier. Another 
fraction from the air rectifier containing neon and helium, with 
some hydrogen, ay d nitrogen, is. cooled, compressed,'^ and then 
fractionally levapc^a ted so that liquid nitrogen separates, while 
neon, helfum, and nitrogen are vaporised. These gases are then 
cooled tcbsuch an extent that neon is liquefied aqd drawn off. The 
helium is separated from hydrogen by passage over wood charcoal. 

Xenon and krypton, drawn off from the bottom of the air rectifier, 
are separat*ed by a similar process of evaporation. 

Arsenic. 

It has been found that delicate and precise adjustment of the 
draught, and efficient and quick cooling, are essential if a pure, 
dense arsenic trioxide is to be recovered from* the blast-furnace 
flue dust and Cottrell jjfant dhst. The cooling chambens should be 
deep, and their width should increase as they leave the furnace. 

« Air Mag., Oct., 1921 ; J., 1951, 407r. 

E.P. 167,555 ; J., 1921, 694a. 

J. of Ind. and Lab. ; J., 1921, 195r. 

E.P. 129,9^9 ; J., 1921, U^a. 

E. C. Williams, Eng. and Min. J., 1920, 110, 671 ; J., 1920, 747a. 
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^Bromine. 

In Germany the po'od action of bromire increased from 7500 kg. 
in 1867 to 866,000 kg. in 1911, and during the same period the 
production in America was augmented froLn 5000 kg. to 3,236,000 kg. 
W. Huttner,®2 in a description of the methods u&r.d for th(* manu- 
facture of bromine, indicates that the general j)rocess consists in 
the decomposition of bromides by chlorine, but in a few works, 
he observes, the electrolytic process is employed. 

(^ALCIUM Sali's. 

Fused calcium chloride is manufactured®'* by the passage of 
hydrochloric acid gas, or waste gas containing it, through a tower 
packed with lumps of calcium carbonate. Tlu‘ heat of reaction 
concentrates the solution of calcium chloride as it descends the 
tower, and such liquor which collects at th(‘ bottom solidifies on 
cooling. 

L. Roon®'* patents a process for the manufacdnie of calcium 
carbonate by the atomisation of milk ov lime, and th(^ reaction of 
carbon dioxide with the resulting mist. 

(Carbon. 

The development of gas warfare has resulted in an immens(‘ 
advance of knowledge m the preparation of activat'd and decoloris- 
ing carbon ; indeed, the subject has been rescued from the state 
of general empiricism in which it had hitluuto repos(‘d. 

E. G. R. Ardagh®® has contributt‘d a paper on the subject, in 
which the main conclusions of %e American work^n's, N. K. Chaney 
and F. W. Zerban, associated with the U.8. C/h('mical Warfare 
Service, and other State departments, arc confirmed by iikl(q)cndent 
experiments. Hp also suggests other aspects of the problems of 
preparation which have arisen during his experiments. 

It is firmly established that activation is promoted by : {a) the 
use of nitrogenous carbonaceous material, or (/>) om^ containing 
lime or silica, natural or impregnat(‘d ; (c) high tiunperaturc arul 
prolonged treating ; (d) extracting the imp^'cgnating matei'ials 

from the carbonised product to improve capillarity ; (e) fine 

grinding to give large contact area. No mention is made of 
carbonisation under moderate or high vacua. Based upon N. K. 
Chaney’s hypothesis the successful^ preparation of active carbon 
from anthracite as a raw material was maae possible. Tlie paper 
contains references mainly dated from 1918, upon which much of 

Chem.-Zeit., 1921, 45, 49 ; J., 1921, 115a. 

A. Riedel, G.P. 327,807 ; J., 1921, 179a. 

U.S.P. 1,372,193 ; J., 1921, 346a. 

J. ‘ 1921, 231t. 
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the paper has been ahjy constructed ; undoubtedly the references 
themselves form a vgbluable bibliography of the subject. 

An article on the ab'sofptive power of chtfreoal is contributed 
by H. Herbst/* w'her^n it is suggested that this depends partly 
on the content of pure amorphous carbon, and can in some cases 
be incr(kased by removing tarry impuAties by means of a solvent, 
or by distillation, or by destroying by chemical means as in the 
Aussig zinc process. 

F. C. Dychc-Tcague®’ protects a jirocess for the production of 
pure carbon by which carbon monoxide produced by the passage 
of carbon dioxide (arising in a siibs(‘([uent stage of the process) 
through cok(‘ in a gas-fired ri'tort , is decomposi‘d into carbon and 
carbon dioxide by catalytic action. The carbon deposit and 
catalyst are si^jiarated by a magnetic field or by gravitation. 

' c 

ChiROMiUM and Salts. 

It is stated that chromium ore has been mined at several 
localitu‘s in i\ew (yaledonia,*l)ut that the^•ichcst and most productive 
mine is that of the Tiebaghi Mine, 1‘aagonmene. Exports in 1920 
were 91,530 metric tons, of which the Tiebaghi Mirie furnished 
74,317tous. 

Reference is made®® to the chromium deposit at Raotina, near 
Skoplje, along the Vardar River* and at Bubostica, in Bosnia. 
Apparc'iitly the Cermans took advantage of the deposits during the 
war, recovt'ring in the former case about 150 tons per day. 

A process for the conversion of chromate and bichromate of 
sodium or jiotassiura into chromium sulphate is described by 
F. M. Moonx'y.’®* X solution containing chromium trioxide is 
i!(*()led to wystairse Glauber’s salt, and after separation of the 
crystals, sujphur dioxide is passed through for effecting the reduction. 


Copper Sulphate. 

R. E. Bea^^ converts copper waste into cry^als of copper tulphate 
by suspending in dilute sulphuric acid a perforated receptacle 
containing the copp._T waste (into which dips a leaden anode), 
and a porous pot filled with dilute sulphuric acid in wdiich hangs a 
leaden cathode. By this arrangement the deposition of copper on 
the leaden cathode is obviated., 

' ® liiochem. Zeits., 1921, 115, 207 ; J., 1921, 388a. 

G.P. 100,501 ; J., 1921, 347a. . 

““ J., 1921, 411b. 

U,S, Com, Rap., 29. 12. 1920 ; J., 1921, 91r. 

U.S.P. 1,379,178 ; J., 1921, r)44A. 

» E.P. 147,089 ; J., 1921, 178a.* 
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Formic and Acetic Acids^ Etc. 

M. Endcrli’2 protects a process for the- rafanufacture of sodium 
formate by treatment of sodium sulphate cwith carbon monoxide 
in the presence of milk of lime. The dilution of the sodium sulphate 
exerts considerable influence on the reaction. *■ 

Interesting details concerning the manufacture of acetic acid, 
and the extensive developments which have taken place of recent 
years, are described.’^ Reference is made to acetic acid from 
pyroligneous acid, and it is indicated that importance attaches to 
the methyl alcohol produced from pyroligm'ous acid. The proba- 
bility of methyl alcohol bearing the exi)enscs incurred in selling 
the acetic acid at “ cut ” prices, in order to meet competition from 
the S 3 nithetic product, is foreshadowed. For this reason it is 
concluded that the, synthetic acid must be sold at a figure below 
present market values if an economical struggle with the wood 
tlistillation product is contemplated. The stages in the production 
of acetic acid from calcium carbide, viz . : (a) The generation of 
acetylene and its purificj^tion ; (h) ^le catalytic hydration of 

acetylene to form acetaldehyde ; and (c) the oxidation of the latter 
to acetic acid, are described in some detail, and finally an indication 
is given as to the outlook foi; synthetic acid. 

Haloids. 

V ' . 

The manufacture of chlorates, bromates, and iodates is covered 
by a patent of H. Schulz.’* A high yield of chlorates is obtained 
when halogens and air at atmospheric or increased jiressure are 
passed into an aqueous suspension of any suitable oxide or hydroxide 
in the presence of a catalyst, such as manganese* dioxide. Alterna- 
tively air may be passed into a solution in w’liich the; catalyst is 
suspended and in which a halogen is being generated. In the 
absence of the use of air or a catalyst only a,l()% conversion is 
possible. 

Hydrochloric Acid. 

T. L.^Bailey’*^ indicates that inferior fuel has been responsible for 
inefficient distribution of heat in saltcake fumaces and pots. To 
remedy this and to eliminate smoke a supply of preheated tertiary 
air has been admitted to the fire through a 4-in. cast-iron pipe at 
such a point as tb secure the necessary indraught of air. 

The ufiilisation of hydrochloric acid in lieu of sul})huric acid is 
suggested byH. Hackl’* for the treatment of crude phosphate, 

165,163 ; J., 1921, 583a. 

« J., 1921, ai6R. 

G.P. 328,211 ; J., 1921, 147a. 

1921, 279b. 

Gh^n.-ZeiU, 1921, 46, U9 ; J., 1921, 177a. 
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dicalcium phosphate being subsequently precipitated by means of 
milk of lime. • , ^ • 

A new method for thj purification of hydrochloric acid is indicated 
by J. Lamquet,” by whif^i arsenic, chlorine, and sulphur dioxide 
can be removed irom commercial hydyochloric acid by the simple 
addition of hypophosphorous acid or one of its salts, the reactions 
being represented thus : — 

aHaPOa + 4A8C1 3 + 6 H,() 3 HP 3 O 4 + 1 2HC1 + 4Ar. 

H3PO2 + 2CI2 + 2H3O-H3PO4+4HCI. H3PO2+SO3-H3PO4+S. 

By using the barium salt, sulphuric acid is precipitated at the 
same time. 


Hydrogen. 

c 

The extension of synthetic ammonia production, and also of 
hydrogenation generally has demanded detailed investigation into 
existing, and possible, methods of hydrogen production. 

A very cemprehensive rgview of existing practice, and possible 
developments is given by E. K. RideaP* : “Although industrial 
uses of hydrogen admit of a wide variation in inherent purity, so 
far as the basic principles of production are concerned, steam-iron 
and water-gas catalytic processes predoniinate, electrolytic methods 
being dependent upon the hydrogen evolveji 1R3 a by-product in 
electro-chemical processes.” 

Developments in the steam-iron process centre around an increase 
in the reduction mass conversion, Fe which at present 

only attains 1 %. Activated reduction masses, i.e,, FeMn, FeCu, 
whilst giving better •yields initially # arc susceptible to irreversible 
poisoning, sjki an independent line of investigation consists in 
increasing tne mass contact area by projecting the finely-divided 
mass at either stage into the gas zone. • 

The consumption# of steam, and therefore of heat, during the 
steaming ph|ise, leaves much to be desired ; this exceeds the 
theoretical quantity by as much as ten times. Additional studies 
of the system, hydrogen- water-iron-iron oxides, in conjunction 
with those of the w .ter-gas reaction, arc necessary to determine 
the optimum conditions favourable to water-gas economy during 
the reducing process. In this connexion the conditions admitting 
of the utilisation of carbon monoxide with or .without plant 
alterations have possibil^ies. • • 

For the purification of the hydrogen by this process, general 
methods are available for carbpn dioxide and hydrogen sulphide. 
A suitable treatment for the removal of thiophen.and carbon 
bisulphide exists in the nickel catalytic process of Carpenter and 

” Bull Soc. Chim. Belg., 1920, 29 , 309 ; J., 1921, 431a. 

J., 1921, IOt. 
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Evans, at present successfully op»3rating oh coal-gas, but which 
would require modi/ieaftion for gaseous, roixlures of high carbon 
monoxide content. Another method, hydr/)lytie in character, in 
which a carefully prepared iron oxide-aCuminium catalyst is used 
is available. The two processes differ as follows OSo-j 2H 2 = 
C f 2H2S ; ( 2 ) 2H2O-CO2+2H2S. 

The removal of hydrogen sulphide by selective (iombustion over 
iron oxide with or without ])romot<Ts, has possibilities, but it is not 
without disadvantages, certain side reactions and even reversibility 
interfering with the smooth working of the process. Iron hydroxide 
as a suspension in a liquid medium is also available. 

In spite of the comj)arative inactivity of carbon monoxide 
purification from this gas by direct absorptive methods is being 
developed. SelcctiYc combustion with oxygen and. utilisation of 
the water-gas redaction, are other independent processes. Selective 
combustion has worked very smoothly on units of 1000 cub. ft. of 
hydrogen per hour. 

* * *• 

Production, of Hydrogen by the Water-gas Catalytic ProceM. 

This process is already exceedingly promising. Th(' ]>resent stage 
of development of the Mond and Langc'r process by the Ihidische C-o. 
gives hydrogen for a st<^am and vater-gas consumption whiesh is 
much lower than thiJt experienced by the *steam- iron processes. 

Direct Production of Hydrogen from Coke. 

l'h(‘. ideality of a continuous process of making hydrog(‘n from 
coke basJ^d upon the water-gast*reaction, (^-f 2H^^)— C() 2 -i- 2 H 2 docs 
not seem easy of attainment, ])rincipal1y because tlv" reactions 
seem to be amenable only to catalytic stimulation, and the ash 
content of coke, 'which in itself has a marked catalytic effect, may 
vary between wide limits. • 

By alternate oxidation and reduction of iron W. PattTnoster’* 
covers a^proccss for the production of hydrogen. 

A. J. Hale deals fully with the recent developments in the 
electrolytic production of hydrogen and oxygftn. A description of 
non-diaphragm and diaphragm cells is given, cost and lay-out of 
plant are indicated, and the conviction is expressed that electrolytic 
production of hydrogen and oxygen has a considera ble future before 
it. , 

G. F. Jaubert has patented the manufacture of hydrogen from 
silicon. .and its alloys. The phosphide content in powdered ferro- 
silicon is decomposed by the addition of sufficient water to produce 

’»G.P. 328,691 ; J., 1921,179a. 

8® 1921, 123r. 

U.S.P. 1.366,185 ; J., 1921, 148a. 
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fi pasty mass, which is then aided to a solution of caustic alkali 
in a hydrogen generator.^ , 

(Jasc^s from blast furnaces and electrolytic smelting furnaces are 
treat<*d, according toTJ. I'oniolo and Officine Elettrochim. Rossi,®’** 
with steam in t^(‘. presence' of a catalyst, such as iron oxide, with 
or without an alkali-mctal oxide, chromium oxide, or an alkaline* 
earth oxide, and the hydrogen or hydrogen and nitrogen mixture 
is freed from carbon monoxide, carbon dioxide, and steam by 
suitable methods. 

(b (Maude deals with the manufacture of hydrogen for the 
syntlu'sis of ammonia, the sources suggested being town gas or 
cokc-ov('n gas. Solvents under pressure are recommended for the 
s(' j)a,rat ion of hydrogen and carbon monoxide. 

Jb K. Maxted describes a comj)lete unit for the production of 
hydrogen, and its utilisation for hydrogenation. As regards 
hydrogt'n production such simple processes as electrolysis of aqueous 
solution and the cyclic water-gas process are favoured, the latter 
])rocess being dtvseribed. 'riu' use of reinforced concrete has 
(umsiderah^y chea]K'n('d tlTe cost of the*purifier section of the plants. 
Hydrogen of high purity is furnished with very little ikilled control. 

llYPOOHLOtoES. 

E. Sidler (!ov(‘rs a process apd appara^^or the manufacture 
of bleaching powder. The chlorinating chamber resembles a 
metallurgical burner, except that the shelves are in the form of 
})lates, w ith a cumtral shaft and arms provided with rabbles. The 
lime and chlorine pass in the same direction. 

A. Vfiilf luis d(‘ vised a shaft»shaped chamber profuled wdth 
various devifccs foi promoting increased contact and for facilitating 
interaction between lime and chlorine. 

A ])ro(t^ss for reducing calcium hypochlorite to a form suitable 
for (unnpression ii^o pastilles, balls, or cubes, is protected by (.hem. 
J^hbr. Griqf^heim-Klektron,®’ by using sodium chloride specially 
purified from magnesium chloride ; the product is sbitcd to be 
of much wider application than the usual form of bleachiifg powder. 

Iron Salts. 

F. Brandenburg®® patents a process for degomposing salts in 
pans in the w^orking of spent pickle liquor to ferric oeidc. Previously- 

K.l\ 152,075 ; lOL^, 148 a. 

Com/ptes rnuL, 1021, 172, 074 ; J., 1021, 387a. 
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made ferric oxide is charged into the decomposing vessel, which 
is heated, and spent liquor is then added gradually and continu- 
ously, with constant stirring. A similar process is applicable to 
the treatment of waste liquors containing ferrous sulphate, mag- 
nesium chloride, sodium bisulphate, etc. 

Reversible reactions of carbon monoxide with iron oxides have 
been investigated by G. Chaudron.®® Rerric oxide is reduced to 
the magnetic oxide by carbon monoxide. Temperature thus 
influences the equilibrium. Below 580*^ C. there is a single system 
corresponding to FC3O4+4CO 3Fe+4C02. Above 580" C. there 
are two equilibria before arriving at Fc, viz., FC3O4+CO 'Z 3FeO + 
CO2 and FcO+CO 7*^ Fe-fCOa. Below 580" (1. ferrous oxide is 
unstable and is transformed into a mixture of Fc and the magnetic 
oxide 4Fe0-^Fe304-fFe. 


Magnesite. 

In view of the extraordinary demand for this mineral, many 
developments are taking plkce in AnsRia, the most ‘important 
mines belong to the Veitschcr Magnesitwerke in 8tyria.*® During 
1913, 123,900 tons of calcined mineral was exported, and in 1920 
about 63,000 tons. 

> Nitre Cake. 

A contribution by H. T. Calvert and E. H. Norris deals compre- 
hensively with the production and consumption, uses, distribution, 
and use in other countries, etc. of nitre cake during the war period, 
1915-1919T When the estimate4 pre-war production of nitre-cake, 
namely 2000 tons per month, is contrasted with the rate at which 
nitre-cake was being utilised at the end of 1917, namely 24,000 
tbns per month, tlie importance and value of the work of the late 
Acid Supplies Branch of the Explosives Departme.nt of the Ministry 
of Munitions are appreciated. The development and^ extension 
of the use of nitre-cake, it is stated, saved the erection of Govern- 
ment aci(f plant capable of a production rated at 8000 tons of 
100% sulphuric acid per month. i, 

A correise review of the methods suggested for the complete 
utilisation of nitre cake is given by W. H. H. Norris.®® Interesting 
particulars are furnished of a suitable process worked out by the 
author in conjunction with H. S. D^nny and C. W. Bailey for 
ammonia absorption by which sulphuric acid is entirely dispensed 
with. An illustration of the plant and costs of the process are 

*» Comptes rend.% 1921, 172, 162 ; J., 1921, 146a. 

Times Trade Suppl, 14. 5. 21 ; J., 1921, 196r. 

•1 J„ 1921, 407r. 

</., 1921, 208t. 



ACIDS, ALKALIS, SALTS, ETC. ISr) 

given, in addition "to detailg of a nitre-cake granulation plant, 
method of operation, .ai^d cost of granulaiting such cake. 

l^ERMANOANATES. 

The effect of temperature, current density, and concentration 
of the alkali upon the production of sodium permanganate has 
been studied by C. 0. Hanke and O. W. Brown, using an anode 
containing 92% of manganese. The presence of a diaphragm is not 
necessary if calcium hydroxide is added to the electrolyte in excess. 
The calcium hydroxide apparently forms a film over the cathode 
which serves as a diaphragm. 

Phosphoric Acid and Phosphates. 

Interesting large-scale experiments in the production of phos- 
phoric acid from phosphate rock by smelting the latter in a fuel-fed 
furnace, giving a 90% yield, are described by W. H. Waggaman and 
T. B. Turley.®^ It is eetimated that the cost of phosphoric acid 
by this process will be $49-83 as contrasted witji $81-25 when 
produced as acid phosphate (supeiphosphate) by the sulphuric 
acid process. • 

W. F. Hillebrand and G. E. F. Lundell ®® contribute an article 
on t/he volatilisation losses of phosphorusA-ifiring the evaporation 
of phosphates with sulphunc acid or fusion with pyrosulphate. 

Strongly heating a mixture of crushed phosphate rock with 
sand and coke is a process patented by W. H. Allen®® for the 
manufacture of phosphoric acid. * ^ 

The concentratfion of phosphoric acid by spray evaporation is 
dealt wiyiifcy La Bour,®’ who points out that the difficulties 

incidental to the evaporation of phosphoric acid, by reason of the 
formati(5n of scale from sludge and metaphosphaPte deposited on the 
heating surfaces p are avoided. The Ghem. Fahr. Marienfelde ®® 
protect a .process for the manufacture of a solid, non-hygroscopic 
form of phosphoric acid in which starch,paste is adde^J to dilute 
phosphoric acid and stirred at 15°-20° C. The mixture is then 
dehydrated in va^'o or in a current of air at 30° C. Thg product 
obtained may contain up to 25% of free phosphoric acid and may 
be used as a substitute for tartaric acid in J)aking powder etc. 
Interesting information and statistics concemiBg the phosphate 
industry, the sources^ of sd^ply of mineral phosphate, and the 

®® J. Phys. Chem., 1920, 24, 608 ; J., 1921, 78a. 

Ohem. and Met. Eng., 1920,^, 1057 ; 1921. 77a. 

J. Amer. Chem. Soc., 1920, 42, 2609 ; J., 1921, 78a. 
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manufacture of superphosphate are given by «W. Packard.®® It 
is stated that reliable estin\ates of the world’s output of superphos- 
phates are difficult to obtain, but it may be assumed that in 1913, 
seven million tons of phosphate rock w^as a^idined, producing over 
twelve million tons of superphosphate. The followiijg figures may 
be regarded as the approximate annual production of the principal 
countries : — America, 3, 000 ,()()() tons ; France, 1,800,000 tons ; 
Germany, 1,500,000 tons; Great Britain, 900,000 tons: total, 
7,200,000 tons. 

Dealing with the aspect, of reverted and insoluble phosphate, 
as contrasted with su])erphosphatc, the only form of water-soluble 
phosphate, the vdcw is affirmed that the demand (»f the latter is 
not likely to suffer, if for no other reason than that a quick return 
is afforded for the money expended. 

S()u.\ AT4n Potash Salts. 

Max Muspratt^®® annouiKjes that the Leblanc proc('Ss has been 
superseded by the (‘lectrolytic* process. ♦ * 

An interesting article dealing with the (ffiemical cffich*ncy and 
concentration of caustic soda and salt from the Townsend dectro- 
lytic cell is contributed by A. B. Hooker. ^®^ A description of the 
Niagara Falls plant is given. This plant produces 65 tons of caustic 
soda and 00 tons of clit>’’ine daily. ‘ The most recent, type of eell 
in use is of 4()0() amps, capacity. The eleetroch(‘mical efficicaicy 
is t)6-97‘/o, using a high current density of 100 amps, per scpian^- 
foot of cathode, at slightly over 4 volts per cell. Th(‘ caustic soda 
concentratiqri is 125 g, per litre. 

Interesting particulars concern'Ing electrolytic* diaphragm cells 
for the production of alkali and chlorine are furnished b}^ H. K. 
Moore.^®- 

A project for the production of sodium carbonate is under thi^ 
consideration of the vSoda Mines and Products (lovnpany at Soda- 
lake'®^ in British Columbia. The waters of this lake co^itain 6% 
of sodium g.arbonate. 

A process of some interest as affecting the manufacture of potas- 
sium sulphate and hydrochloric acid has been 'patemted by the 
Fabrique de Produits (ffiimiques dc Thann et do Mulhouse.'®^ 
Potassium chloride ^ in a finely-powdered state is treated wdth 
sulphuric acid of such strength (70-72% H38O4) as to render the 
moist mixtufe as pulverulent as possible. The mixture has to be 

»» J., 1921, 288r, 304r. 
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heated in three stages, and, a slight excess of sulphuric acid used 
to (insure the prf)duc^ion of potassium sulphate, free, or almost 
free, from chloride. The three stages necessitate stirring at respec- 
tive temperatures* of 1 100"-120° C., 300° and finally 800° C. 
Sulphuric acijJ may he replaced by j)otassium bisulphate. Presum- 
ably, experience of the operation of this process has led to some 
modification or improvement, as is evidenced by an additional 
patent,^” ^ indicating that the foregoing thr(‘e stages of desiccation 
may be conducted j)rogT‘essi\’ely in a single furnace, provided care 
is taken to maintain the mass solid and porous. It is suggested 
that aqueous sulphuric acid containing more than 70-72% of SO;, 
may be used, the pulverulent r*ature of the mixture determining 
the proportions. 

In the manufacture of ammonia-soda J. Delmar^”** patents a 
])rocess by which the lime for the rcgeniTation of ammonia from 
ammonium chloride liquors is (^onv(‘rtt‘d into calcium cyanamidc, 
b('fore being used in the jjrocess. Thus, further quantities of am- 
monia and carbon dioxide are developed which are utilised in the 
first stage of the proceSs. * 

An apparatus by wliieh salt can Ix' profitaWy manufactured 
from sea wate is suggest'd by T. A. Reid.'"’ 

The Schweizerische Soda-Faljr.^"*' have* devised a process for the 
causticisation of soda in th(5 cold. A mixtyve of sodium carbonate 
solution and lime is treated* in a sorl^ of centrifugal machine. 
Interaction is hastened aial is completed without heat, 10 cub. m. 
of liquor being causticised in 10 minutes. 

According to a protected ammonia-soda process by J. H. 
McMahon water-gas is separated into hydrogerjf and carbon 
nionoxid(^ Th^ hydrogen is used for the production of synthetic 
ammoitia, whkh is absorbed in a solution of common salt, whilst 
the caj-bon monoxide is converted to carbon dioxide which is used 
in carbonating tow'^ers. 

H. Voss””(feals wdth the heat balance of the ammonia-soda 
process,* and concludes that the excess of sodium cldoride used in« 
tlu* r(‘acti(m, the residual calcium chlofide, the heat •expended in 
recovering ammonia from waste liquor (which it is stated is two 
or thre^e times iiie calculated amount) and the hcj^ losses in 
radiation, conduction, and cooling in various parts of the system 
constitute the principal thermal losses of the* process. 

It is pointed out thi^ the only ^>otash-Jfroducing area now 

154, ill ; J.,*1921, 44 a. 
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under German control is that of ccntraL Germany, where conditions 
of production arc favourable# In 1920, with £^n putput of 1 1 ,31K),000 
metric tons of potash, the pre-war level was alipost attained, viz., 
11,007,510 in 1913. 8ales, it is stated, have Reclined, and although 
the extent to which English, Belgian, French, Russian, Austrian, 
and other markets have been lost cannot be ascertained, the view 
is expressed that the acquisition of Alsace by France has broken 
the German world monopoly of potash. The increase in the 
exports of potash (KgO) from Alsace between 1913 and 1920 is 
shown in the appended table : — 


1913. 1919. .. 1920. 

Metric tons. 


France 


10,278 

48,958 

86,578 

(lermany . . 


1.3,743 

13,743 

13,743 

United States 

• 

12,18.') 

26,702 

55,967 

Great Britain 


219 

4499 

17,890 

Belgium . . 


614 

4414 

19,750 

Other Countries . . 


3682 

9157 

18,990 



, 40,721 

.., 107,473 

!! •212,918 


The deleterious* action of potassium nitrate on a melting pot 
used for the manufacture of nitrite from nitrate by means of lead 
is described by A. Lottermoser.^^^ * 

J. W. Turrentine and F Shoaff doscribi; a continuous counter- 
current method of leaching potash from kelp from which an extrac- 
tion of 97-99% is obtained. 

^ Sulphuric Acid. 

• • • 

A valuable contribution by H. J. Bailey”* is furtiished rei)lete 
with statistics relative to the production and utilisation of sulphuric 
acid, sulphur, pyrites, pyrites cinders, spent oxide, imported 
sulphur, sulphuric acid from chamber plants, oleum, the consump- 
tion of sulphuric acid for explosives manufacture, the projiuction 
t)f nitric and hydrochloric acids, and nitre cake, and particulars 
affecting sup^brphosphate and compound manures, basic slag, 
sulphate of ammonia, and concentrated liquor. •Much valuable 
information* concerning the manufacture of sulphuric acid in the 
United States is furnished in Bulletin 184,”® issued by the U.S. 
Bureau of Mines. In* 1865 only 37,500 tons of 100% sulphuric 
acid w'as manufactured. In 1900 this had become over one million 
tons. It is now estimated that the normal requirements of sulphuric 
acid of the JJnited States are equivalent ^to about 3^ million tons, 

Chem.-Zeit., 1921, 46, 581 ; J., 1921, 507a. 

J/Ind. Eng. Chem., 1921, 13, 695 ; J., 1921, 656a. 

J., 1921, 246r. 

S., 1921, lO'lR. 
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of which approximately ope-hall is required for superphosphate 
manufacture. t • 


Evidence of the influence of the war is* afforded by reference to 
the subjoined tafile, I demonstrating the changes of the various 
sources of sqlphur as raw material : — 


Brimstone 

Porcontago of total quantity. 
1914. 1917. 1918. 

2'« .. 32-6 .. 48*0 

Pyrites (Spanish) 

500 

22*9 

7-6 

„ (domestic) 

15-8 

11-8 

12-7 

„ (Canadian) 

7-9 

0-9 

7-5 

Zinc ores . . 

13-2 

18-1 

16-1 

Waste gas from ooj^per smelters 

10-5 

7-7 

8-1 


1000 

. . 100-0 

. . 100-0 


The bulk of the brimstone is obtained by the Frasch process. 
Brimstone is reported as being more valuable than 40% pyrites 
to the extent of 3 -4 cents per unit, assuming the pyrites cinders 
ai'e valvelcss to the acid -maker. • 

Increasing attention is being given to the re^eovery of pyrites 
from waste coal, of which 1 1 million tons, having a 40% sulphur 
content, could be produced by the Eastern States. 

Large quantities of suli)huric acid are pro4uced at the zinc works, 
although there are still some works which hiil to utilise the sulphurous 
gases. At the copper v^orks large acid plants arc to be found, 
notably at the works of the Tennessee Co 2 >per Company. 

Sulphur combustion plant is usually of a continuous character. 
The Tromblec and Paul rotary and the Vesuvius vertical burners 
are largeN usen. Pyrites fin^’bumers are principally conflned to 
the Hi'rroshoff and Wedge types, and the Hegeler, Spirlet, and 
Wedg^ (muffled) furnaces are used for zinc ores. 

As an eliminator of dust from burner gases and as an arrester 
of acid mist from acid concentration plants, the Cottrell electrical 
precipitator has found favour and is giving satisfaction. 

Increasing attention is being given to intermeefiate towers ; 
indeed, the “ A^^aconda packed cell ” system — a type of packed 
tower with special filling — is reported as being used*'in lieu of 
chambers. Concentrators of the silica basin, modified Kessler, and 
Kalbperry types, are principally used. The Mannheim, Badische, 
Grillo-Schroeder, and Temtelew contact systems are aU in use. 
Descriptions and co!nparisons of the various types of SO 2 coolers, 
filters, drying and absorbing systems, and methods oj preparing 
and revivifying catalysts are given. 

It is interesting to have details of the manufacture of sulphuric 
acid by the chamber pro 9 ess imder tropical conditions. Singularly 
little information has hitherto been published in this conneaion. 
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W. H. Maudsley doscribos a plant tyb Mount Morgan, comprising 
seven chambers with an aggregate capacity ^ of# 119,643 cub. ft., 
one Glover, 7 ft. 2 in. square by 20 ft. high, two Gay-Lussac towers, 
and one pipe column. A continuous brimi’.tonc burner, 21 tons 
daily capacity, and four pyrites kilns, each burning ajiout 1 ton of 
ore daily, constitute the burner plant. 

Working records are given during one winter month and one 
summer month, showing yields of 91*4 and Hr)-6% respectively, 
calculated on th(5 su]j)hur burnt. Tht^ atmospheric temperatures 
at 11.30 a.m. in the summer and winter is given at 29'' and 26° C. 
respectively. 

Records of the make of the chambers, as contrasted with the 
pipe (column (4 ft. square by 14 ft. 6 in. high) were mad(‘ during one 
w'et‘k in June. The results show' that although the pipe column 
required only 50 cub. ft. for 1 cwd. of 123° Tw'. acid daily, the lead 
area per cwd . is much more than in the first three ehambei’s. It is 
concluded that the ratio of surface to capacity is an iin])ortant 
factor as alfecting j^roduction and deserves^ careful atbnitjon. 

Mills- Pa(;kard w'at(H'-cooled sulphuric acid chambei’s have been 
installed by twenty-three different companies.’” 'TIk* first two 
chambers w ere ere(;t(Hl in 1914 aijd the number of chambers of this 
tyi)e has incrc^ased to 1 12 at the present time. The war inttufered 
with the possible devc^ ^^ient of thy pkant abroad, but in 1918-19 
an installation of eight chambers, 18,750 cub. ft' each, was erected 
in New Zealand and during 1920-21 a number of chambers, 7330 
cub. ft. each, including installations of 6, 8, and 12 chambers, have 
been erected in France and Italy. 

The workffig of the two chambers 40 ft. high a/id 7330 cub. ft. 
each, erected for experiment, gave results correspondi!ig to a chamber 
space of 3 to 4 cub. ft. per lb. of sulphur charged. Lattu* ex;^erience 
and data obtained from various installations have confirmed these 
results and indicate the possibility of further progress in the 
development of this type of chamber. Mills-Packard chambers 
have been built in three sizes, of 7330, 11,890, and 18,750 cub. ft. 
each, and 4f) ft., 47 ft., and 48 ft. high respectively. Plants com- 
posed entirely of the small or intermediate si»e chambers arc 
actually operating at below 4 cub. ft. chamber space. (No data is 
available yet from the largest size chambers working.) Combined 
plants of the small chambers with ordinary chambers arc operating 
at from 6 to, 10 cub. ft. chamber spac®, and very important and 
satisfactory results are being obtained from the combination of a 
Mills-Pack|ird chamber with another ^intensive system, leading 
to the opinion ,that an even lower chamber space than the 

’ 'Austral. Inst. Min. and Met. ; Chem. Trade J., 1921, 68, 133 ; J., 1921, 
146a. 

W. G. Mills, private communication. 
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3 to 4 cub. ft. at 'present ivquired on a Mills-Packard plant is 
possible. 

Actual working results reported give 12 months production of 
acid from a plant o? sik small-size chambers as ()8(i6 tons 1 cwt. of 
140 Tw. and Hie production of acid|rom a jilant of six intermediate 
size chambers as equal to 129 tons of HOgper week, both from pyrites. 
One company burning sulphur has reported a sulphur efficiency 
of over a period of 5 weeks and a nitrate of soda consumption 
of 2*2% over the same period. Other figures for nitre consumption 
rejiorted have been from 2A% to 4% on suliduir burned. For the 
intermediate size chambers a figure of S4)2% on suljihur with a 
chamber space of 3-6(> cub. ft. has been reported. It has been 
found with cdficiimt water-cooling the wear and tear of lead has been 
H'dijced to a minimum. 

It is difficult to state definitely in view of prestmt knowledge 
\\h(‘th(T the large chambers offer much advantage over the small 
nn(‘s from a production standpoint, but for various reasons it is 
lik(‘]y that the larger chambers will be devtdoped considcTably in 
the near ’future. 

P. Parrish and The South Metropolitan Gas Company have 
found that the manufacture of sulphuric acid is materially promoted 
when suliihurous gases are br(\ught into intimate contact with 
nitrous vitriol. Ttiis is best effected by uving closed, lead-lined 
tanks, from the roof of which partitions 'Vlepend, the lower edges 
of which terminate in a scries of serrations vhich are immersed 
in nitrous acid to a depth not exceeding 4 in. The sulphmous 
gases enter at one end of the tank, and after bubbling under each 
jiartition escape at the other end. The plant necessiiates only a 
ifiinimum of power, which can be j>rovided in the shape of one or 
more er fans. 

J.^Reed^^* produces concentrated sulphuric acid by making 
provision for heating a mixture of air, sulphur dioxide, and a 
nitrogen oxide, ’absorbing the gast*ous products by reaction in 
concentrjfted sulphuric acid, and then eliminating therc'from the 
oxide of nitrogen. 

h\)r increasing the efficiency of the manufacture of sulphuric 
acid by the contact process, M. Leeck places one fan between the 
burners and the purification plant for the sulphurous gases, and a 
second between the contact chamber of the absorption plant. The 
gas composition lends itself ko ready and easy control l^y the double 
T)rovision indicated. • 

S. Barth has patented apparatus for the concentration of 

“8 E.P. 156,328 ; J., 1921, 146a. 

““ U.S.P. 1,303,918 ; J., 1921, 140a. 

G.P. 307,\)92 ; J., 1921, U7a. 

G.P. 304,343 ; J., 1921, 147a. 
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sulphuric acid, by providing throughout the -whole length of the 
concentration vessel lateral divisions with staggered perforations 
over which the acid flows. The sections thus formed are connected 
by separate pipes with a gas exit main. S^Mtable provision is made 
for cleaning the various sections. 

An interesting contribution bn the subject of lead corrosion with 
relation to sulphuric acid manufacture, on which there is singularly 
little practical information available, is made by W. G. McKellar.^-^ 
The conclusions reached suggest that wastage and destruction of 
lead in chamber work arise from faults inherent in the manufacture 
of sulphuric acid ; that the rolling of lead may contribute its quota. 
It is suggested that analysis alone is without value in disclosing 
the sources of trouble in lead, but if used in conjunction with 
micrographic work, elucidation of the trouble may be afforded. 
The author declares t^hat the advantage of a small percentage of 
copper with lead is largely mythical, and that observations and 
experiments alike point to the desirability of using Pattinsonian 
lead as contrasted with the lead produced by the Parkes process. 

Unione Italiana fra Consflraatori e labbricaiii di Goncimi e 
Prodotti C^hiinici and A. Sonneek’*^® protect the c'onstiuetion of 
leaden chambers of any desired shape of great height in proportion 
to their horizontal cross-section, the gas connexion between adjacent 
chambers being at a^ow level. 

An interesting history of the manufacture^ of sulphuric acid in 
the Dominion of Canada is given.^^* 

The Badische Anilin u. Soda Fabrik^^ patent a tubular heated 
chamber for the concentration of sulphuric acid in vacuum. The 
pipes are of perforated sheet iron, homogeneously coated internally 
and externally with lead. These pipes resist th^^ chemical action 
of the boiling liquid, and also the difference of pressure. The 
chamber is lead- lined and the pressure is a continuous one. ^ 
Provision is made by J. H, Brown in the manufacture of 
sulphuric acid for a method of washing burner gases and the reheat- 
ing of such washed gases prior to oxidation. 

G. Gianeli discusses the advantages and disadvantages attending 
the different methods proposed for supplying nitrogen oxides in the 
manufacture of sulphuric acid, particularly as affecting his own 
proposed method of employing in the Glover tower a mixture of 
sulphuric and nitric acids by introducing sulphuric acid of sp. gr. 
1T6 along with a concentrated solution of sodium nitrate, and of 
removing the sodium bisulphate which cryb»l;alliscs out on cooling. 

J., 1921, 137t. 

E.P. *164,627 ; J., 1921, 543a. 

J ., 1921, 23fR. 

G.P. 302,553 ; J ., 1921, 388a. 

U.S.P. 1,365,964 ; J., 1921, 178a. 

Qiom, Chirn. Ind. Appl, 1921, 3, 11 ; J., 1921, 213a. 
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An interesting artitle having reference to the Gaillard sulphuric 
acid concentrating t'ov;eii and the electrical precipitation of acid is 
contributed by M. I^ltenbach.^^® After dealing with one of the 
theoretical principles JE concentration and describing certain 
experiments to«how that a true static equilibrium is approached, 
which implies that concentration of the liquid acid in equilibrium 
with the vapour varies almost directly with the temperature, the 
author concludes that no process can alike give strong condensed 
acid and complete condensation. It is stated therefore that the 
function of the Cottrell process is limited to the aggregation of the 
vesicular acid formed at the moment of condensation. I^he author 
rightly suggests the use of tw^o small coke scrubbers, each i)reccded 
by an efficient cooling coil. The first condensate should be of a 
minimum strength to admit of economical concentration, the 
second condensate being discarded. 

That the manufacture of sulphuric acid in Germany is inti- 
mately bound up with the zinc industry is demonstrated by the 
fact that gin 1913 tapper Silesia produced 255,589 tons of acid of 
50° B., or 9*7% of the total German production, and also 3137 tons 
of anhydrous liquid SO 2 . In 1919 and 1920 the* outputs were 
52,887 tons and 87,960 tons respeqfively. 

T. Lewis Bailey refers to the good results, both as regards 
nitre-consumption and exit-acidity, obtaii^d'in a new^ plant, of 
which the chambers were all of the Mills-Packard conical, externally 
water-cooled type. By reason of the economy in ground space and 
materials of construction, it is suggested that greater importance 
is being attached to intensive w ork. This necessitates closer super- 
vision and the ne«essity for eflici(*nt scientific control iff urged. It 
is predictejBthat increasing amount of high-strength acid will 
be made by the contact process. Reference is made to an unsuc- 
cessful attempt made to absorb the nitrous gases in a sulphuric 
acid plant by mophanical means instead of in a Gay-Lussac tower. 
It is suggested that it w'ould appear necessary to improve the 
atomisation of the acid and to augment the time of contact. 

R. E. Dior protects the construction of sulphuric aci& chambers 
formed of two fru»to-conical portions, the sides of the lower portion 
being more inclined to the vertical than those of the uppei^, and the 
whole chamber thus having apiiroximately the shape of an inverted 
funnel. An inlet pipe near the bottom and an butlet pipe near the 
top are arranged tangentially to the chamber walls so as to promote 
spiral circulation of file gas against the walls, which are cooled 
externally by a flow of wate^. 

12* Chim. et Ind., 1921, 5, 143 ; J., 1921, 256a. 

J., 1921, 257a. 

J., 1921,*279r. 

E.P. 164,672 ; J., 1921, 582a. 



1U4 


KKrOltTS OF THE rHOGKESS OF APPLIED CHEMISTHY. 


A process for the manufacture cd sulphuric acid and liydraulic 
cement is covered by E&,rbcnfabr. vorm. *E. l5ayer u. 

T. A. Clayton protects a sulphur-bumir^ furnace in which the 
air is projected downwards through one sex of jets on to the burning 
sulphur, whilst the remainder is directed upwards, through the 
other set, so as to promote mixing of the gas produced and oxidise 
any volatilised sulphur. 

T. Schmicdel and H. Klencke^^^ protect a process for the produc- . 
tion of sulphui’ic acid, in which the essential principle is to bring 
the gases, after serving to denitrate the usual quantity of acid, 
into contact with ex(;ess nitrosylsulphuric acid, in one or more pairs 
of small chambers where special provision is made to ensure 
intimacy of contact. 

A. M. Fairlic’^*^ in a series of articles deals with recent develop- 
ments in the sulphuric acid industry. 

Dust Precipifation . — It is statcnl that mechanical methods of 
(lust precipitation have largely given i)la(ie to el(‘ctrieal methods. 

A modification of the Cottrell treater hai? been devclopi d in which 
sheet iron screens having diamond or square meshes are placed in 
parallel and transversely to the gas flow. These screens are 
grounded electrodes, and charged electrodes, in the form of wires, 
are suspended vertically between the screens. 

This form of treafi-x appears effective fgr lead smelting gases, 
having a temperature of 400° F., but nothing can yet be said 
concerning sulphur furnace gases of about 800°-] 000° F. 

Nitration . — Fair lie remarks that there has been a tendency to 
instal nitre pots outside the flue and fire them with coal. Extra 
expense is said to be more than balanced by their efficiency when 
restarting a plant, and by the avoidance of nitre cake i in burner 
flues. In some plants nitre solution is sprayed into the first cham- 
ber. This, of cohrse, results in the formation of sodium nitrate 
in the acid. Close inspection of the atomising nuzzles is necessary, 
otherwise streams of nitre solution may fall into the chamber with 
the formation of nitric acid and consequent corrosion of the lead 
work. 

Little progress has been made with ammonia oxidation plants. 

Tower andCJiuinber Coristrmtion .' — ^Towers of acid-proof masonry 
without lead side^ sheets are a recent development. The towers 
are supported by steel angles held together by tie-rods, and are . 
lined with &cid-proof tiles. The Glover towr.r is packed with bricks, 
while manufactured forms of packing are preferred for the Gay- 
Lussac towers. Inter-chamber or cooling towers have been installed 

G.P. 297,922 and 299,033 ; J., 1921, C82a. 

E.P. 166,961 ; J., 1921, 657a. 

^ G.P. 149,648 ; J., 1921, 693a. 

Chem. and Met, Eng., 1921, 25, 861, 917, 964, 1005. 
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at many works, thc\ pnimose of these being to supplement large 
chambers in the matter' of heat dissipation, aAd to produce a lower 
temperature of the gal mjixture. 

Steam, as a means of hydration, has been superseded almost 
entirely by wat(‘r, and various typc% of atomising nozzles have 
been designed. 

Acid Circulation, — Sevei'al attempts luuc' been made to develop 
a satisfactory mechanical acid pump. Kotary pumps of antimonial 
lead and silicon-iron arc largely used, and these are for the most 
part direct electrically-driven. The Lciwis pumj), originally of the 
vertical submerged type, has beem successfully developed into an 
outside vertically-driven rotary pump. 

Procc^Hscs , — Two processes for th(‘ manufacture of sulphuric acid, 
without chambers, have been x>i'oposcd. Th* “ i)ipe ” process of 
Kaltcmbach utilises a numbc'r of tubers packiul insidi^ and water- 
jacketed. (lases leaving the (Hover tower ar(‘. passed through the 
tubes in counter-current to the acid, which is mixed as recpiired with 
water. Aifiong the advantages clakned for thi'- process are : 
( 1 ) Ease of controlling temperature ; ( 2 ) effective heat interchange ; 
( 3 ) independence of atmospheric conditions ; ( 4 ) elimination of 
water sprays. • 

The packed cell process is similal* to the Opl plant. 

t^ilica Gel . — The method of manufacturing siiica gel and apparatus 
in which it is used for the separation of gases and vapours, has 
been patented. It is stated that from a gas mixture containing 
8 - 7 e 5 % 802 , flit' will absorb 6-8% of its weight of SO3, and it 
has been proposed to use this property for effecting economies in 
l)lant and manufacture of sulphurk; acid. The convi'rsion of 8O2 
to 80 3 cat^lyxicalfy by passing the gas through the gel containing 
a catalysing agent is still in the experimental stage. 

• StTLTHUR. 

A patent*by H. (1 Pedersen has reference to the extraction of 
sulphur from sulphide ores. By regulating the ore supply at the 
bottom of the shaf^^furnace in which iron pyrites or other sulphide 
ore is roasted along with a quantity of coke insufficient ior the 
reduction of the ore to metal, sulphur vapour distils off, and can 
be suitably collected. • 

N. E. Rambush^'-^’ removgs sulphur from hytlrogen sulphide 
gases by washing the latter with a suspension of ferric *liydroxide 
in ferrous sulphate solution. A current of air is made to ascend a 
tower against the flow of the f^hspension. The sulphur is separated 
by fractional subsidence or by centrifuging a portion of the revivified 
suspension. 

E.P. 162,887 ; J., 1920, 819a. 

E.P. 163,605 ; J., 1921, 9a. 
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The separation and recovery of sulphur f^om solutions, gases, 
and vapours contain ing‘ hydrogen sulphide is efTccted by passing 
the gases mixed with oxygen over a s^Hd contact mass suitably 
prepared.^®® The oxides and hydroxides of iron, manganese, 
aluminium, and allied metals, or mixtures of these, are suitable 
for use in this connexion. The polysulphides which arc formed 
can be decomposed into sulphur and hydrogen sulphide, and the 
latter gas again returned to the process for conversion into sulphur. 

Sulphur recovered by the carbon bisulphide extraction process 
from spent oxide is invariably dark or black in character owing 
to the priiscncc of hydrocarbons which accompany the extracted 
sulphur. Attempts have been made from time to time to purify 
the sulphur thus extracted so as to render it at least equal to 
Sicilian sulphur. F^’actional (Tystallisation has been resorted to 
with fairly satisfactory results. 

J. J. Hood^^Hreats a solution of sulphur in carbon bisulphide 
such as is obtained from spent oxide by agitation with 1-2% by 
volume of sulphuric acid (sp. gr. 1*8) a,nd effects in this w^ay the 
removal of a considerable quantity of tarry inatti'r. Either before 
or after filtration the mixture is agitated with 5-10^, by volume of 
water and the aqueous layer .containing the impurities is removed. 
Finally, the sulphur solution is made to percolate through alumina 
or bauxite, the carbon bisulphide evaporated, and pure sulphur 
remains as a residue. 

N. E. Katz and H. M. Little's apparatus for and method of 
separating sulphur from sulphur ores comprise the use of an auto- 
clave, in which the ore is heated with water until the sulphur is 
melted by the steam generatei. » 

The treatment of mined sulphur is covered by R. F. Bacon and 
H. S. Davies. To improve the free-burning quality of such 
sulphur containing oil, heating to 400*^-430° C. for a special time to 
carbonise the oil is recommended. The product may be allowed to 
cool to a temperature above the melting point of sulphur and stand 
until the carbon is separated. 

Although the year 1§20 was marked by considerable increases in 
production and exportation of Sicilian sulphur, production rising 
from 1'81,744 to 240,857 metric tons, and exports increasing from 
147,286 tons to 188,865 tons, the figures compare badly with those 
for 1914, when ^40,700 tons was exported and stocks amounted tp 
359,800 tons. Exportation has befen affected by the fluctuating 
exchange.^ 

Geworkschaft des Steinkohlenbergwarks Lothringon and G. Wiegand ; 
G.P. 326,159; 1921, 9a. 

E.P. 155,692 ; J., 1921, 115a. 

U.S.P. 1,365,922 ; J ., 1921, 148a. 

, U.S.P. 1,374,897-8 ; J., 1921, 433a. 

Chem. Ind., 25. 4. 1921 ; J., 1921, 219b. 
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K. P. McElroy patents a njethod of making carbon bisulphide. 
Fuel and sulphur ar;> charged into a shaft similar to a gas-producer 
with an air inlet at th*e base. Carbon bisul{)hide is recovered by 
scrubbing with oil the gales thus generated. 

L. H. DichP^i treats of the recovery of sulphur from blast-furnace 
slags. 

Thobitjm Comtottnds. 

H. Wade^^“ prepares, by dissolving 120 g. of thorium sulphate, 
Th(S04)2,8H20, in 50 c.c. of 80% phosphoric acid and heating for 
10 hours at 280° C., white acicular crystals of a double metaphos- 
phatc and sulphate of thorium, Th(P03)2S()4. This compound is 
said to be purer than the compound prepared by a method previously 
indicated.^^® 

Monazitc sand is treated with concentrated sulphuric acid, and 
after the removal of soluble impurities, ttc insoluble thorium 
compound is converted to thorium hydroxide.^^’ 

Zinc. 

The Metallbank u. Mctallurgische Ges. jirotect a process 

for treating sal-ammoniac skimmings, suitably pulverised, with 
the necessary dry slacked lime, moistened w'ith 15% of its weight 
of water, and treated with live steam. The ammonia evolved is 
recovered and the residue is leached with ^ater, yielding zinc 
oxide and a solution of calcium chloride. 

Zinc Oxide. 

In the manufacture of French zinc oxide J. A. Singmaster^®® 
provides for the contents of the retorts, in which the zinft is volatil- 
ised, bcin^ ^pt Tki^rly constant by the addition from time to time 
of molten zinc. 

Zirconium. 

J. G. Thompsoif^®® deals with the electric furnace purification of 
zirkite (impure zirconia), feeding into an arc furnace a mixture of 
zirkite with sufficient coke to transform t-he silica only^to silicon 
carbide ; 90-95% of the silica may be volatilised as carbide. With 
greater amounts of toke the elimination of the silicon is less complete. 
Zirconium carbide may be converted into oxide by ignition in air 
by a dull red heat. 

U.S.P. 1,369,825 ; J., 1921,;100a. 

Stahl u. msev, 1921, *41, 845 ; J., 1921, 50Ca. 

E.P. 156,892 ; J., 1921, 178a. 

U.S.P. 1,323,735 ; J., 1920, .517a. 

H. N. McCoy, U.S.P. 1,366,128 ; J., 1921, 178a. 

E.P. 145,085 ; J., 1921, 734a. 

U.S.P. 1,372,462 ; J., 192^, 346a. 

Trans. Amer. Electrochem. Soc.f 1921, 291 ; J., 1921, 768a. 
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By W. E. S. Turner, D.Sc., M.Sc., 

Professor of Glass Technology in the University of jShefpeld. 

Just before cora])lcting this report a copy of the Sprechsaal Kalender 
for 1922 came to hand. This publication is fairly well known, 
certainly on the Continent, and it was interc'sting to peruse its 
data. There ^\'ere but half a dozen or so references to investigations 
in glass technology and ceramics since 1914, and one wonders 
whether it is due to the comparative poverty of (human research 
on these subjects over this period, or to the habit displayed so 
frequently in (h'rman scientific circles of neglecting in a large 
measure scientific work not made in Germany. (uTtainl}^, how- 
ever, data in quite a number of portions require ovirrhauliiig in the 
light of the numerous researcl^es in the last few years, both in this 
country and in America. As U) glass research in Genuany, the 
technical journals of .that country for tlie past year have made very 
poor reading. 

A review of the scientific investigations in glass technology during 
1921 docs reveal this country in a very got)d light. It is rather 
striking that American activity has fallen off very greatly, if one 
is to judge<by published investigations. In Gre^t Britain, however, 
research shows little or no sign of slackening and the output of 
work has been maintained certainly at the level of the '])receding 
year. We may hope that it is a good augury for the industry of 
the future. 

Of the organised research efforts, references may bj; made to 
three matters of interest. The first is the big extension of the 
Department of Glass Technology in the University at Sheffield, 
which has now entered into extensive premises »formerly used as a 
glass werks with two glasshouses. Here are adequate facilities 
at least for all kinds of operations in glass technology. Further, 
the Glass Research Association has got into working stride, and 
although open piiblication of its wouk has not, as yet, occurred, 
it is known to be making very good progress. Finally, in this 
connexion certain recent developments in the American Ceramic 
Society will be watclied with considferable interest. A full-time 
organising secretary has been appointed, amongst whose duties 
it will be to visit members, especially the corporation members, 
apd investigators, and help to stimula'te research. 
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It is needless to remark thaj the glass industry in this country 
has felt very acutely the Jrado depression pf 1921. As an industry 
it prospered with others during the war. Pfior to the war, how- 
ever, as a whole, it was (loraparatively poor and possessed but few 
reserves to stav^ off hard times such as the present. The matter 
is of interest, however, especially from the fact that, faced with a 
period of depression, quite a number of manufacturers have still 
gone forward with their extensions and revolutionary changes in 
the works. Modern plant and machinery have been installed in 
quite a number of works during the period under review. A good 
(leal of the machinery, it is true, is ArruMican, for although the 
ordinary lines of research do not appear to have produced very 
fruitful results in America during 1921, inventors in that country 
still show ceaseless activity in regard to machines and general 
labour-saving devices. Not only are these “items of equipment 
being iiii^talled in this country in many works, but the writer’s 
experience has been that manufacturers were ntn^er so ready to 
appeal for scientific assistance iov the improvement of their goods 
as at the present time. "Wie outlook, tiierefore, is not without h(jpe. 

The Melting and Working or Class 

• 

The oft-discussed subject of the influence of alumina on the 
melting, working, and other pro])erties of glass has been carried to a 
more definite stage as the result of a series of papers from the 
Department of Glass Technology, University of Sheffield. V, 
Dimbleby, F. W. Hodkin, and W. F. 8. Turner^ show that in a series 
of trisilicate glasses of general composition 3:Na20,?/Al203,68i02, 
whe^re ;r-f-?/-2, tlie maximum ^mount of alumina tapable of 
being intro^ced oul worked up to temperatures 1400^-1425° C. 
is about A moderately hard lime glass (6 Si02, Id NagO, 

0-9 CaO)«is also made more fusible when 0*1 mol.^of CaO is replaced 
by 0-1 mol. of AlgQg. Alumina was shown to prevent devitrification. 

F. W. Hpdkin and W. E. S. Turner - have shown that with a aoda- 
lime glass containing about 8% of CaO, such as is used with auto- 
matic bottle machines, the batch mtdts rflost rapidly aAd is most 
fluid when the souTi'e of alkali is present as soda ash and the lime 
as burnt lime. With soda ash slaked lime is better than iimespar 
or limestone. The batches containing sand, salt cake, and either 
burnt or slaked lime were the slowest in melting and most viscous 
in working. Several other #nixtures were testetl. 

A matter not of ^neral knowledge, namely, the commercial 
substitution of glass containing lead for electric light bulbs by an 
alkali-lime-magncsia glass,^*ha8 bbcome better known by the 

^ J, Soc. Glass Tech., 1921, 6, 107 ; J., 1921, HGOa. 

2 Ibid., 1921, 5, 188 ; J., 1921, 770a 

2 Coming Glass Co., E.P. 145,428 ; J., 1921, 82 a, 
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publication of the patent specification covering the new tyj^e of 
glass. , f ^ < 

The melting properties of the soda-lin^e-magnesia trisilicate 
glasses have also been investigated by V. l)imbleby, F. W. Hodkin, 
and W. E. S. Turner,** and it^is found that in comparison with the 
glass fiSiOg, 0-8Ca(), l-2Na2() on the one hand, and fiSiOg, 
0-8 MgO, 1,*2 Na^O on the other, glasses over the range up 0*5 CaO, 
0*3 MgO are more easily melted than any of the others, whilst all 
the glasses containing both oxides are more readily annealed and 
are softer than those at the extremes of the series. 

The manufacture of heat-resisting glass from a batch containing 
sand 1300 lb., soda ash 400 lb., lime 200 lb., borax 20 lb., nitre 40 lb., 
artificial biotite 401b., manganese dioxide 85 grams, titanium 
oxide 30 g., nickel oxide 35 g. has been described by G. Alleman.^ 
Such glass, in the form of polished plate } in. thick, absorbs 78% 
of the incident heat rays, transmits 42% of ordinary light and 
has considerable mechanical strength. E. W. Tillotson® has also 
given a general account of the present position of the manufacture 
of constructional glass. Fire-resisting glais still continues to receive 
the consideration of inventors and a further specification by V. 
Shuman’ may be noted. 

Several papers or specifica‘ti(^)ns have aj)peared dealing with 
processes necessary^ to produce glass free from seed and striae. 
Thus, F. E. Wright® gives charts showing ther allowance to be made 
for the volatilisation of lead oxide, boric oxide, and the alkalis 
during the manufacture of optical glass. The same author in 
another paper" describes a method of distinguishing between 
surface markings and cords in glass by immersion in a liquid of the 
same refractive index as the glass. In such circumstances the 
surface markings disappear and the cords are clearly defifted. The 
fining of glass is the subject of two patent specifications,^" the one 
by Schott u. Gen., in which high pressure is applied to the molten 
glass, the other by W. G. Clarke and L. N. Bruner using an electric 
current. ' 

In connexion also with* the subject of the fining and other phenom- 
ena in glass, a paper of first-class importance by, E. W. Washburn, 
E. F. Kootitt, and E. N. Bunting describes apparatus for the 
determination of the gases remaining dissolved in plain optical 
glass. The gases .extracted were oxygen, nitrogen, and carbon 

« J. SOC0 Glass Tech., 1921, 5, 362. 

« J., 1921 , 241 t . 

« J., 1921 , 155 t . 

’ U.S.P. 1,365,625. 

* J. Amer. Cferam. Soc., 1920 , 3 , 783 ; J., 1921 , 10 a . 

• Ibid., 1921 , 4 , 655 ; J., 1921 , 890 a . 

1® E.T, 147,487 ; J., 1920, 750 a . E.P. 1*61,192. 

Utviv. oj Illinois Bulletin, 1921, 18 , No. 16 ; J., 1921, 433 a . 
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dioxide, the total pmentage»by weight varying from 0*01 for a 
borosilicate to 0-04?) f^r barium flint gla^s. 

S. R. Scholes, L. Nicols, and W. F. Kaufman^^ propose a novel 
method for the elimination of stria? and the substitution of the 
ordinary stirring method. The j)rocess consists in mounting the 
pot at a slight angle in the furnac€‘ on a rotatable bed. 

An interesting paper, illustrative of the efforts made to produce 
during the war optical glass at a third British factory, is that by 
J. W. French,^® who describes the general process of manufacture 
adopted. 

Reference may also be made to the analytical work of M. Ikawa,i* 
on the amount of sodium sulphate, cshloride, and carbonate in 
window glass. Of the first-named, 0-()G7-l*()4% was found in 
various commercial samples, and the results may certainly be 
used to illustrate the fact of incomplete reactions in glass making. 

In connexion with the after-working or decoration of glass, 
reference may be made to papers by 0. Schwarzbach,^ who describes 
in detail^the conditions for the production of iridescence and lustre 
on glass pearls and be^ds, and by 0. Fleck, who deals with the 
chromate-albumin copying process. J. Rheinbcrg^^ patents a 
process for producing metallic coatings on glass by means of 
collodion containing a salt of the metal and heating to 600°-750° C. 
after application. 

Special attention must be directed to the valuable series of papers 
and discussions on the silvering of glass embodied in a joint publi- 
cation of the Physical and Optical Societies.^® The papers not 
only deal with several of the old standard methods but also contain 
very useful suggestions resulting from practical experience. 

The devj^rifiertion of scries of alkali-lime, alkali-lead oxide, and 
alkali-bSirium oxide glasses under conditions such as might be 
expected to occur during optical glass manufacture has been 
studied by 0. J. Peddle,'® who found the lime glasses more prone 
to devitrification than the lead oxide ones, especially when the 
alkali was soda. Lead oxide glasses almost always deposit silica 
on devitrification and lead silicate separation is only likely to occur 
when the PbO gontent of the glass exceeds 70%. In regard to 
the barium oxide glasses, silica was more readily depoijited from 
soda glasses than from the potash ones, whilst barium silicate more 

'2 U.S.P. 1,370,673 ; J., 1921, 303a. 

Optician, 1920, M, 335,^51 ; 60, 3, 18, 28. 

J. Chem. Soc. Japan, 1921, 42, 768 ; J., 1921, 847a. 

Sprechaaal, 1921, 64, 369. 

Ibid.., 1921, 64, 340. ^ 

” E.P. 156,472 ; J., 1921, 149a. 

Discussion on “ The Making of Reflecting Surfaces,” published by the 
Physical Society and Optical Society, Nov., 1920. 

J. Soc, Glass Tech,, 1921, 6, 72, 266 ; J., 1921, 609a, 890a. 
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easily separated from the potash than^from the soda glasses. Photo- 
micrographs of the various types of crystajline deposit accompany 
the papers. 

These same papers of Peddle also rccodied the relative effects 
of lime, lead oxide, and barium oxide on the dura,bility of glass, 
the test being based not only' on the solubility in water of glass 
powder, but also on exposure to the atmosphere. When glasses of 
corresponding molecular composition are compared, those containing 
lime are mor(‘ durable than those with lead oxide, unless the alkali 
content falls below 15%. Weight for weight, it is found that up 
to a percentage content of OaO or PbO of 20%, the lime glasses 
weather better than those from lead oxide. A result of very great 
interest and importance is the discovery that a glass containing 
both soda and potash is more durable than a glass with an equivalent 
percentage of either o!xide alone. This had also been indicated 
in an investigation by Hodkin and Turner,-® and C. J. PeddkV*^^ 
has now carried the matter considerably further by showing that 
in the four series 60% SiOg, 30% PbO, 10% (NaaO l KgO); 50% 
SiOa, 40% PbO, 10% (Na^O+KaO); 60% SiO^, 2()% PbO, 
20% (Na^O+K^O); and 50% SiO^, 3*0% PbO, 20% (Na,0-1 K^O), 
a minimum solubility is reached at the point where the ratio of 
the percentage of potash to sodk is 7:3. 

Reference must also be made to some very int(‘resting experiments 
by C. J. Peddle on iridescent and other effects on the surfaces of 
lead oxide and barium oxide glasses due to the action of carbon 
dioxide, hydrogen, sulphide, sulphur dioxide, and hydrogen chloride. 
In the absence of moisture no action was found after three months. 
When wet, the thickest layers of deposit, indicating most marked 
action, were obtained with carboA dioxide and h}^lrogen sulphide 
on lead glasses and sulphur dioxide and hydrogen chloride*' on the 
barium glasses. 

Thk Physical Properties of Glass. 

Density . — An important paper by W. L. Baillie involves the 
recalculation from existing data of the density factors previously 
given by Winkelmann. The new factors, nawiely, SiOg 2*24, 
AlA 2-75; Sb^Og 30, BA 2-90, As A 3-33, Zn0 5-94, BaO 5 00, 
CaO 3*30, MgO 3-60, PbO 9-30, KjO 2*66, and NaaO 2-55, make it 
possible to calculate? densities much more closely in agreement 
with experiment tJian by the Winkehnann ^factors. S. English 
and W. E. S. Turner, based on their measurements of the density 

2® Ibid., 1920, 4 , 120 ; J., 1920, 546a. 

21 Ibid., 1921, ft 195 ; J., 1921, 771a. 

» Ibid., 1921, 6, 265 ; J., 1921, 890a. 

23 J., 1921, 141t. 

J. Soc. ’QUss Tech., 1921, 6, 277 ; J., 1921, 890a. 
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of sodium aluminium trisilicji^e glasses, suggest that Baillie's factor 
for AI2O3 is still o^ doubtful accuracy. , 

Annealing Temperature. — ^This subject i5till attracts attention. 
It is suggested by L*H^ Adams and E. D. Williamson that optical 
glass should l^e annealed at a comparatively low temperature so 
that recurrence of strain on cooling is practically eliminated. They 
propose also that glass should be considered annealed when the 
optical path difference along the middle of a slab of glass between 
the ordinary and extraordinary rays docs not exceed 5 /jl/jl per cm. ; 
whilst the annealing temperature is defined as that value at which 
the path difference is reduced from 50 to 5 fjLfi per cm . in a definite 
time interval. K. Weidert and 0. Berndt-" adopt the method of 
measuring the difference of refractive index between the two 
rays before and after cooling from various temperatures between 
600® and 200° C. and ]>lotting the difference against the temperature 
before cooling. The required annealing temperature is indicated 
by a sharp bend in the curve. For flint glasses the deformation 
temperature is 40°-50° 0. higher ; for crown and flint glasses 
70°~100® C. Of other methods for determining stress in glass one 
may refer to the further study of that of Coker, by A. L. Kimball. 2’ 
Further studies on the relation between chemical composition and 
upper annealing temperature havb been published in two papers 
by S. English and W. E. S. Turner, the one relating to the effect 
of alumina, ““ the other mixed lime-magnesia glasses.^® The glasses 
of the 6 SiOg, xAlaOa, yNagO series, where x-\-y=2, have, generally 
speaking, lower annealing temperatures than similar glasses con- 
taining either lime or magnesia. Glasses containing varying pro- 
portions of lime and magnesia and lying intermediate between 
OSiOgjO-SCapA'^IVaaO and 6SiO2,0-8MgO,l-2Na2O have consider- 
ably lower anne aling temperatures than for these extremes, a result 
not only of interest but of considerable practical importance. 

Viscosity. — This is related to the annealing tehiperaturc and other 
properties, and •its connexion with composition has been studied 
by E. W. Washburn and G. R. Shelton. It is shown that a 
medium flint and light barium crown glasses were leagt viscous of 
the seven different glasses tested, whilst the light flint was most 
’‘dscous. In regard to methods of determination, I. Ma^on, L. F. 
Gilbert, and H. Buckley have developed one based on the rate of 
fall of a metal sphere in a viscous fluid. In a^furnace the progress 
of the experiment is followed by means of X-ra^ photographs. 

26 J. Opt. Soc. AmK 1920, 4, 213 ; cj. J., 1921, 81a. 

26 Z. tech. Phys., 1920, 1, 61 ; J., 1921, 46a. 

27 J. Opt. Soc. Amer., 192U 6, 279. 

28 J. Soc. Qlaas Tech., 1921, 5, 116 ; J., 1921, 509a. * 

22 Ibid., 1921, 6, 357. 

86 Phys. Rev., 1920, 16, 149. 

« J. Soc. Qla^a Tech., 1921, 6, 337. 
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Thermal Expansion. — ^Further additions to ou;' knowledge of the 
influence of composition h/ive been made. ^ In a-i study of the effect 
of silica and of sodium oxide, it is shown by S. English and W. E. S. 
Turner 32 that sodium oxide has the same influence on the expansion 
of glass whether a second base such as lime is present or absent. 
Evidence is also obtained that fused silica carries into glasses its 
own rate of expansion. The effect of alumina introduced in molecu- 
lar quantities into the trisilicate glasses is shown by the same 
authors to reduce thermal expansion as compared with lime or 
magnesia. A third paper by English and Turner on mixed lime 
and magnesia glasses shows that the thermal ex 2 )ansion docs not 
appear to undc^rgo any abnormal change on mixing the bases. 

The abnormal rate of exjiansion and the heat al)sorption in the 
neighbourhood of the softening temperature have received further 
consideration. W. B.'Pietenpol^''^ differs from Peters and Cragoe 
in finding, just beyond the region of rapid expansion, not a contrac- 
tion but only a decrease in the coefficient of expansion. A. Q. 
Tool and C. G. Eichlin 3® show that heat treatment and powdering 
both influence the range of temperature over whici) abnormal heat 
absorption is found as also the tendency of the glass to crystallisation. 

A simple test is described by ]). E. Sharp for ascertaining the 
relative thermal expansions of t\vo glasses which are to be v|elded. 
The method consists, simply in drawing out a compound strip or 
riband which will remain straight or will curl according as the 
expansions are equal or dissimilar. F. E. Wright 3® proposes a 
further but less simple test. 

Optical Properties. — The most important studies of the year as 
regards the^yclation between composition and optical properties 
are again those of G. J. Peddle. ' In a series of sjx papers, 3® this 
author makes a comparison of the alkali-lime-silica and the alkali- 
lead oxide-silica glasses, and describes numerous experimental 
results showing the relative effects on refractive index, dispersion 
and other properties, in glasses containing silica, sodium and 
potassium oxides, and barium oxide. A comparison is also made 
between the. lead oxide and the barium oxide glasses. It is shown 
that when compared by molecular composition, the lead oxide 
glasses haye a liigher value of n^^ than the lime glasses, whilst when 
comparison is made by percentage composition it is the lime glasses 

“ Ibid., 1921, 5, 12^1 ; J., 1921, 510a. 

»» Ibid., li^^l, 6, i83 ; J., 1921, 771a. 

« Ibid,, 1921, 6, 358. 

« Qlms Industry, 1921, 2, 162. 

J. Opt. Soc. Amer., 1920, 4, 340 ; J., 1*921, 347a. 

s*’ J. Amer. Ceram. Soc., 1921, 4, 219 ; J., 1921, 259a. 

*» J. Opt. Soc. Amer., 1921, 5 , 453 ; J., 1921, 847a. 

»» J. Soc. Glass Tech., 1921, 5, 72, 201, 212, 220, 228, 266; J., 1921, 
6()9a, 888a, 8»9a, 890a, 
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in which is gi^jater, excc})! where the silica is less than 60% 
and the alkali greater than 20%. By bhthjnethods of comparison, 
lead oxide glasses aje ^und to have a higher total dispersion than 
those made from lime. The detailed results in this set of papers 
are so numerous as to be beyond# summary for a report of this 
nature. 

J. R. Clarke and W. E. S. Turner^® find that in the soda-alumina- 
trisilicate glasses the refractive index and dispersion decrease 
very slowly as alumina substitutes soda. Between GSiOgjOT AlgOj, 
l-ONagO and 6 Si()2,0-4 AkOgjl-G Nia^O, the value of v rises 
from 57-4 to 00-2, 

Lord Rayleigh has made the interesting observation that 
ordinary silica glass is weakly doubly refracting, suggesting a 
crystalline structure. 

R. J. Montgomery also returns to the subject of oi)tical properties 
and composition and discusses, by reference to known commercial 
glasses, the influence of the total RO content, and of the PbO 
pro])ortion of this con|/ent, in j)roducing alterations of refractive 
index. In another paper, tlu^ same author discusses the various 
commercial tyj)es of barium oxide glasses and contrasts the influence 
of three pairs of oxides, namely, tBaO and other RO bases, BaOg 
and diOg, and BgOg and AlgOg €)n the refractive index and disper- 
sion. Zinc oxide, in amounts up to 11%, 'was found to exercise 
but little effect on the optical properties of the glasses studied. 

Glass Furnaces. 

Economic pressure has directed considerable attention to improv- 
ing the efficiency of glass furnaces. M. W. Travers has incurred 
the gratiti|ic cl the glass industry by his study of the efficiency 
of a glifss tank furnace heated by a steam-blown gas producer. He 
advoc£»tes as short a lead as possible from thg gas producer to the 
furnace, not onjy because of the fall in temperature of the gas and 
the consequent loss of heat but also because of the deposition of tar, a 
valuable heating constituent. In regard to the regenerators, he 
calculates that that for the gas need not have more than half the 
volume of the jair regenerator. The efficiencies of three tank 
furnaces working under different conditions, with regenerators 
running at 600°, 800°, and 1000° C., are compared. The energy 
utilised in actual glass melting runs 9, 12, arid 14-5% respectively, 
and it is pointed out that the heat loss from theValls js the ultimate 
factor determining Alationship between fuel consumption and glass 
output. 

Ibid., 1921, 6, 119 ; J.) 1921, 610a. 

" Proc. Po\j. Soc., 1920, a98, 284 ; J., 1921, 116a. 

J. Amer. Ceram. Soc .^ 1920, 3, 900 ; J., 1921, 46a. 

« Ibid., 1921, 4, 636 ; J., 1921, 847a. 

** J. Soc. Glass Tech., 1921, 6, 166 ; J., 1921, 770a. 
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Four other papers discuss the sdme subject of glass-melting 
furnaces. F. J. Denk'*® 'deals with design and operation. An 
unsigned article in SprecJisaal^^ refers partjpulirly to pot furnaces 
and discusses the volume to-be allowed in the actual melting cham- 
ber. This author would allow 1 cubic metre of regf^nerator space 
in each regenerator for each cubic metres of space in the furnace. 
C. do la Condamine and P. Appell discuss the general question of 
the heat balance in furnaces. In a study of a producer gas-fired 
recuperative furnace, it was found that the total of heat either 
used in work or lost by radiation amounted to 30-7% of the energy 
of the coal, 13-7% being lost in recuperation, 28*9% in the exit 
gases, and 2()-7% in th(i generation of the gas. Another study of 
heat losses from a gas-fired regenerative furnace is that of Klaften^* 
who found that for each-, 100 calories of heat supplied to the furnace, 
95-5 came from the j)roducer and 4-5 from the sti^am. The useful 
heat absorbed in meltmg the glass was 12*5 calories, although 
12 were recoveu'ed from the waste gases. 3^he heat losses were 
15 calories in the ])roducer, 4 ip the flues, (V5 during reversal, (i in 
the regenerators, 20 by conduction and radiation from the sub- 
structure, 23 from the superstructure, and 7 in chimney wastes 
gases. , 

Reference may also be made to the proposals of A. Ferguson^® as 
attempts to get av^ay from the orthodox melting furnace and obtain 
greater heat efficiency by passing the batch in 'the form of a spray 
through a small conical chamber maintained at very high tempera- 
ture. 

Annealing furnaces have also come in for considerable attention, 
especially mfiffle lehrs. R. L. Frink'^® has introdv.ced a new kind 
of muffle in the combustion chamber made of ebrrugated iron, 
preferably of high silica and low carbon content. The remainder 
of the lehr is also of. unusual construction, being of iron frailiework 
lagged with asbestos according to the degree of coo^ipg-off desired. 
W. 0. Amsler'^^ patents a muffle lehr in which the product!^ of com- 
‘ bustion arc drawn round the muffle in a tortuous path and the air 
for combustion drawn along a second series of tortuous channels. 
The muffle principle in kiln annealing is already well knovn. M. A. 
Smith p£itents an arrangement in which combustion takes place 

in a checker work chamber below the muffle. 

«. 

J. Amer. Geram\ Soc,, 1921, 4, 224 ; J.j 1921, 259a. 

Sprechsml, 1920, 53, 7, 66. i 

Ohaleur ct Industrie^ 1921, Nos. 4, 5, 6 and 7. 

48 iSpti^chsaal, 1921, 54, 251. 

4» E.P. 154,251 J., 1921, 46a. 

65 E.P. 169,537 ; J., 1921, 813a. 

■ 61 U.S.P. 1,341,031 and 1,351,323 ; Sfc afoo^U.S.P. 1,385,868; 7., 1921, 

658a. 

62 ir.S.P. 1,342,233 ; J., 1920, 519a. 
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Ajtinealiiig furna^s for specfal operations have been designed by 
D, E. Sharp^'^ and by AV. A. Whatmoftgh/* The former gives 
working drawings for< ai^ annealing furnace for optical glass whilst 
the latter describes a gas-heated furnace for the re-annealing of 
lampworked aiftl other light glass wticles and demonstrates how 
successfully annealing can b(‘ done if carried out on the previously 
determined annealing points of the glass. 

E. F. Collins®'^ describes the construction of electrically-heated 
lehrs suitable for high-grade glassware. He prefers the vertical 
form as being more efficient than th(‘ horizontal and claims to have 
effected a saving over the ordinary annealing processes. 

Glass Machinery anj) Glass Makin(} Processes. 

Practically all th(i advanctss made in this'* branch of glass tech- 
nology arc subject to patents. They an^ very numerous and it is 
not possible to do more than mention outstanding developments 
(Treat interest is centred in methods of d(div(?ring glass automatically 
to machines, blow ing butljs, and blowing and pressing heavy glass- 
ware and bottles, and diuiwing shecd glass and cylinder glass. The 
improvements proposed in the last-named case are almost all ques- 
tions of details and will not b(^ referred to. 

In connexion with the feeding of glass to nui/ihines, the historical 
tlevelopment of the subject is dealt wdth very ably in a paper by 
G. Dowse and E. Meigh^® and the various devices up to most 
recent times arc described in a manner enabling the reader to get a 
grip of the subject. 

Where machines are fed by hand-gathering, the chaiging of the 
glass into th^i)arVnn mould on bottle machines is not always carried 
out precRely. K. E. P(dler” describes a device for remedying this 
defect a\^d for shaping the charges by means of a funnel the inner 
surface of wffiich is continuously lubricated by a special arrangement. 
A. R. Hunter also suggests a method of preventing too hard a 
skin from* forming on the parison by removing the latter very 
slightly out of contact w ith the mould after formation.^ 

Of the numero^^s specifications in connexion with glass feeding 
devices, those in connexion with the Hartford- Fairmont feeder 
occur most frequently. K. E. Pcilcr has worked out an arrange- 
ment for shaping the chargers of glass to fit the mould, the cross- 
section of the glass at varic^us points being controlled by varying 
• 

J. A mi r. Ceram. ISoc., 1921, 4, •'>97. 

J. Soo. CJufin Tech., 1921, 5, 44 ; J., 1921, 510a. 

J. Amer. Ceram. Soc., loil, 4, 335 ; J., 1921, 51 Oa.^ 

J. Soc. Glass Tech., 1921, 5, 134. 

" E.P. 157,160. 

E.P. 142,929. 

E.P. 142,786 and 142,786. 
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the rate of discharge from the ori£j^, a rccip ocating plunger or 
impeller being cmplovod* for this purpo^ to act on the charge. 
The British Hartford Fairmont Co. and J. O.^Burge®® also patent a 
device for varying the weight of the charge. 

Novel methods mark sev(jral of the recent fjeding devices. 
E. H. Langwell®^ has devised an arrangement in which the molten 
glass flows through a channel in the tank furnace wall into one of a 
series of rotating nozzles directed at right-angles, that is, vertically 
downwards, from the channel. S. I). Olsen®- proposes to permit 
the charge of glass, after being severed by shears, to drop into a 
small trough, immediately below where it takes the form of a strip 
and is then ejected, by tilting the trough, into the jiarison mould ; 
R. T. McGee®'* has devised a system in which glass flows into passages 
and a chamber constituting an arrangemiait like a pump. 
By means of a plunger working in the (chamber, the glass is forced 
vertically uj) one passage into a parison mould which comes to rest 
for a short interval at the exit of the passage. L. 1) Soubier has 
patented an arrangement apparently for the charging of machines 
in continuous, as against the intermitkmr, motion fur v^hich most 
types of delivering device apply only. 

Two other systems of charging machines automatically with glass 
are combined with novel featqr(\s in bottle-blowing machines. 
The first is that of A. Ferguson.®® The corai)lete machine consists 
of three frames or tables, all three synclwonised, two of them 
working in the vertical plane and the third and lowest in the hori- 
zontal. The upper vertical frame carries twelve gathering cylinders 
with movable pistons like syringes, by the action of which glass is 
drawn up from a trough fed by a tank furnace.^ Ihe charge thus 
obtained is then ejected througJi a fumiel into r.ne of the parison 
moulds on the second table. From the latter the parison is trans- 
ferred by a fork to the finishing moulds. The second system is due 
to E. T. Femgren.®® In this arrangement the parison moulds are 
fed from below. A bent channel, forming a continuation of the 
tank furnace, forms with the parison moulds when in position, the 
shape of a U. The head of liquid from the furnace forces the glass 
up into the mould. Between the bottom of the mould and top of 
the channel is an adjustable plate to cut off the flow during the 
rotation of the machine. 

Improvements in the Westlake bulb-blowing machine®’ may be 

«» E.P. i60,967. 

81 E.P. 142,366. 

82 E.P. 142,765. 
kP. 151,149. 

8< U.S.P. 1,366,174. 

88 E.P. 154,262. 

88 U,S.P. 1,328,273. 

87 E.P. 142,706. 
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noted, as also the ' application^ by A. Kadow®“ of the principle of 
part of that machiVe to the pressing of }\eavy articles of glassware. 
Very small electric Imlbs made from glass^ tubing may be made 
automatically by means* of the machine devised by G. A. Lciman.®® 
The automatic removal of the heavy part of the neck of an electric 
bulb is accomplished by a crackin^-olf machine patented by the 
General Electric C^o.’® The bulbs arc mounted necks uppermost 
on a rotating frame, witli intermittent motion. They are brought 
into contact vdth a fiat flame at one station and immediately 
afterwards against a moistened sharp chilling wheel, subsequent 
to which the cracked top is removed by a projecting rod or 
striker. 

Attention may be directed to the glass vial machine of G. P. 
MacNichol’i in which small vials are made from glass tubing. 

Various methods have been devised with the view of improving 
the methods of drawing slieet glass direct. Some arise from the 
desire to advance the Libbey-Owens process, avoiding the marking 
of the sheet in the early stage during whieJi it is first drawn veidically 
and then bent over a roll A’. .1 . P. ( /rowley designs an arrangement 
in which a clay roller actually dips in t he drawing trough and by its 
rotation gathers a layer of glass, which is then deliv(‘red to adrawing 
point whence the sheet is drawn a^way horizontally. M. J. Owens’® 
attempts to deal with the same probkun by reeb^' ing the temperature 
of the glass just before it passes over the roller, whilst, after this 
stage, th(^ sheet is subjected t-o flattening by an endless chain of 
wooden rollers. In the same i)rocess H. 8. (-ampbell’^ proposes to 
draw the sheet from the trough by grippers of carbon carried by end- 
less chains. Reference may also be made to alternative processes by 
J. Whittemojp’^^ and J. P. Crowley.’® H. G. Slingluff ” deals with 
devices fi>r Controlling the tmnperature of the glass in the drawing 
part of tjje tank furnace. 

The entirely vertical drawing system for flat sheet, like, the 
Fourcault, which ^s now being exploited not only on the Continent 
but also ih Japan, and for which American rights have recently 
been acquired, has received attention fronf B. G. Bealor.^* 

«« U.S.P. 1,264, 08^ 

U.S.P. 1,342,821 
E.P. 160,967. 

U.S.P. I,343,lf9 
’2 U.S.P. 1,328,268 
U.S.P. 1,345,628 
U.S.P. 1,355,441 
U.S.P. 1,328,864 
’« U.S.P. 1,342,532 
” U.S.P. 1,376,975 
’« U.S.P. l,331,79fi 



210 


HEPOHTS OF THE mOGRESS OF APPLIED CHEMISTRY. 


Sheet glass production by flowing jnethods has been devised by 
E. Dauner/® the glass j^-ora a specially-constructed forehearth 
flowing down both sides of a specially-constructed slab, and after 
uniting at the lower edge, the stream is d:raf\^n away in a sheet. 
Somewhat similar is the proposal of J. Whittemore. 

An ambitious scheme for the mass production of lens blanks is that 
of H. W. Hill.®® The apparatus involves heating weighed pieces 
of the glass in a heating chamber on a rotating table ; after 
being brought to the plastic state these pieces are puddled to remove 
striae and bubbles. They are then ejected from the table to a 
heated conveyor, whence they are carried and deposited in press 
moulds on a rotating table and subsequently automatically con- 
veyed to the annealing furnace. 

E.P. 159,114. 

8“ U.S.P. 1,332,724-5. 
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REFRACTOKY MATERIAJ.S. 

By W. E. S. Turner, D.Sc., M.Sc., F. Inst. P., 

Professor of Glass Technology in the University of Sheffield. 

The past year has been fruitful in most of the fields of refractory 
materials investigated, and some researches of quite fundamental 
importance are to be noted. Several subjects appear to have 
received special attention and reference maji' be made particularly 
to refractoriness under load, the study of plasticity, and the 
investigations on porosity. As some of the empirical methods of 
testing frequently employed have been challenged it would be well 
to have revised and fc-issued from time to time standard 
methods modified according to the most recent investigations. 

General Properties of I^fractory Materials. 

H. 8. Houldsworth and J. W. Oobb^ have considerably extended 
their previous studies on the reversible thermal expansion of 
various refractory materials efter being heated to definite tempera- 
tures. The thermal expansions were measured at varying tempera- 
tures from the normal room value up to 1000° C., and the various 
test pieces had previously been fired at temperatures qjt approxi- 
mately 980°, 128fl°, 1410°, and *1530° C. Kaolin and bauxitic 
fireclay, as v^l as magnesia brick, carborundum, and alumina with 
107o of ^all clay had a regular rate of expansion. Fireclays and 
glass potf mixtures after calcination at 980° of 1280° showed a 
large expansion b«tween 500° and 600° C. due to contained quartz, 
and on coqjing, the contraction in that region was greater than the 
corresponding expansion. After being fired at 1280°, the«expansion 
between 100° and 250° exceeded the average. After calcination 
at 1410° or 1530° these irregularities disappeared, and on .leaching 
the incipient vitrification stage a linear expansion similar to that 
of kaolin was obtained. The change from thp irregular to the 
regular expansion is due to destruction of the fre* quartz, and the 
rate of destruction de^jends bn the size of the quartz ‘grains. A 
mixture of kaolin and amorphous silica with 4% of soda, after 
being fired at 980° or 1280° {showed regular expansion. 

An apparatus has been designed by E. Rengade and E. Desvignes * 
for determining the hardness of refractory materials at high 

^ J. Soc. Glass Tech., 1921, 5 , 16 ; J., 1921, 610a. 

* Comptea rend., 1921, 173, 134 ; J., 1921, 686a. 
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temperatures. A cone of Acheson^ graphite Was employed to 
produce an impressiop on the refractory pmple heated in an 
electric furnace, the pressure used bcin^ 10 kg. applied for 10 
minutes. Progressive softening occurred with rise of temperature. 
High alumina content did not .appear to influence the extent of the 
impression, but with alkalis it increased. No impression was 
made on silica bricks up to a temperature of 1600° C., although 
above, the adhesion of the grains diminished rapidly. 

The heat transmission of brick and high- temperature insulating 
materials has been investigated by R. H. Horning.^ A test-piece 
was heated electrically by coils of wire in contact with it. The 
cool end rested on a water-cooled plate, baffles causing the water to 
flow in a zigzag path across the plate. Only the heat passing through 
the central part of the heated area (about one-ninth of the whole 
area) was measured, the quantity being obtained from the current 
and fall of voltage in the central heating coil. The temperature 
of the hot face was measured by a thermocouple embedded in it, 
and the average temperature of the water^ent(Ting and leaving the 
cooling plate gave the temperature of the cool face. By replacing 
the cooling plate by electrically-heated coils of wire, a constant 
difference of temperature was raaintained betw^een the faces and the 
heat transmission measured for different temperatures of the hot 
face. The materials examined, arranged in order of decreasing 
thermal conductivity, were magnesia brick, silica brick, vitrified 
building brick, firebrick, re-pressed burned kieselguhr brick, natural 
kiesclguhr brick perpendicular to grain, “ nonpareil ” insulating 
brick, and “ nonpareil ” high-pressure block, l^he conductivities 
increased with rise of temperature up to 1500° JF. (815° 0.). 

One of the most important properties of refractory materials 
as regards their industrial application is the behaviour ifnder load 
at high temperatares. K. EndelH found that according to their 
behaviour when heated under a pressure of 1, kg. per sq. cm., 
refractory materials might be divided into four groups:^ — 

(1) Fire-clay bricks wi*fch a refractoriness of about cone 33 (1730° 
C.) began to soften at 1300° C., a 50-mm. cylinder being reduced 
to ‘30 mm. in a test lasting hrs., in w^hich the maximum 
temperature reached was 1500° C. Bricks containing very 
plastic clay softened at 1150° C. 

(2) Magitesite bricks with a refractoriness above 2000° C. began 
to soften at 1500° C. on account of* the binding agent. A 
50-mm. cylinder was reduced to 10 mm. in height in a test 
lasting 4| hours, the maximum temperature attained being 
1650° C. 

® J. Amer. Ceram. Soc., 1920, 3, 865 ; j!, 1921, 46 a. 

* Stahl u. Eiaen, 1921, 41, 6 ; J., 1921, 347a. 
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(3) Silica brickh with a rei^actoriiicss of cone 35 (1750^0.) did 

not soften beiVw 1650° C., but brok§ in pieces in hours at a 
maximum tempe*ra*ture of 1680° C. The actual deformation 
was small. ^ 

(4) Carbon bricks with a refractc^iriness above 2000° C. did not 
soften under pressure, and aj)art from a slight loss in volume 
(about 4*/o) due to some of the carbon burning away, the 
cylinders were not affected in a test of five hours in which a 
temperature of 1720° ('. was reached. 

The subject has been carried a stage further by V. Bodin,^ who 
has determined the resistance to crushing of samples of clay, 
bauxite, silica brick, carborundum, fust'd quartz, impure zirconia, 
magnesia, and chromite bricks. A cube 2 cm. square of the material 
was placed between two cylindrical blocks, the lowtT one fixed, 
tlie upper one capable of vertical moviunent. The relationship 
between crushing load and temperature showed tluit for silico- 
aluminous and also silica products, a minimum occurred in the 
curve aj a temperaturctof about 800° C., afU^r which the crushing 
load rose to a maximum point at about 1000° 0. These results 
held good for two out of three clays tested, bauxite and carborundum 
and impure zirconia. A minimum and a maximum 2 ^t)int were 
observed also with fused ([uartz »and silica bricks. The resistance 
to load tended tow^ards zero witli all proJifcts tested at about 
1600° C., whilst all tcuided to become plastic or semi-plastic above 
about 1200° ( '. The author also found that for bauxite, the crushing 
load for material fired at 1500° C. was much greater than when 
fired at 1300° C., thus confirming an observation of Le Chatelier 
that increased firing temperature increased the rt^ractorincss 
of a clajT^.,-^ 

The testing (>f refractory materials at high temperatures is 
frequently interfered with by the influence of .the atmosphere in 
tlie furnace. In, this connexion a phenomenonr of very general 
interest \Yas observed by L. Bradshaw and W. Emery,® when 
attein 2 )ting to measure temperatures of operations in which coal 
gas was an active agent. It was found that Seger cones heated 
in a stream of coal gas became covered with a hard refractory 
casing of carbon, and remained erect even when fusion of the 
interior took place leading to the flowing out of a vitreous dis- 
charge. The deposition was found possible in *al\ cases where the 
temperature exceeded 950° * . 

Whilst dealing witli the influence of the atmosphere it is inter- 
esting to direct attention to the testing-furnace designed by W. M. 
Hepburn.’ It consists of a lurf ace-combustion fuynace lined with 

® Trans. Ceram. Soc., 1920 - 21 , 21 , 56 ; cf. J. 1921 , 213 r . 

« OasJ., 1921 , 155, 159 ; 1921 . 624 a . 

’ J. Amer. Ceram. Soc., 1921, 4, 755 ; J., 1921, 891 a . 
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alundum, fed by seven burners supplied from L mixture box in 
which an explosive mixtuije of gas and air was tnade by a special 
inspirator, which melted down cone 36 in one hour, using 156 cub. ft. 
of town's gas. The maximum temperature' (3400° F.) attained was 
within 200° F. of the theoretical maximum. Tlj^c advantages 
claimed are simplicity, low fu6l consumption, ease of observation 
and measuring temperatures, and ability to j^roduce a neutral, 
reducing, or oxidising atmosphere. 

A simple form of gas-fired furnace for use in testing the modulus 
of rupture of refractory materials was built by S. F. Walton® in 
cylindrical form of carborundum bricks backed by li in. of rammed 
kieselguhr and 4 in. of firebrick. The gas ports were set tangentially 
to the wall. I^^or making the cross breaking tests a lever arrange- 
ment was used, one end of the lever pressing through a knife edge 
of refractory matc'riah on the test-piece which rested on knife 
edges embedded in the floor of the furnace. The other end of the 
lever was connected with a chain jack having a handle fitted to the 
sprocket wheel and set on a platform scale. A bucket hung from 
the balance arm of the scale was loaded by water from a Marriotte 
bottle. 

In an interesting paper by U. Wilson® a detailed description, 
with drawing, is given to sho\v^ the use of oxy-acetylcne gas in a 
small furnace for using refractory cones. The advantages claimed 
are : (1) simplicity of construction, operation, and repair ; (2) ease 
of control ; (3) high temperature obtainable ; (4) oxidising 

atmosphere ; (5) comfortable working conditions ; (6) portable 
character of the furnace. The following change is suggested in 
the Ceramic Society’s specified rate of heating for cone fusion 
tests : — “ The rate of heating shkll not exceed tl^at corresponding 
to one-half a cone (approximately 10° C.) per minute jvithin a 
range of ten cones below that of the final fusion cone, and this rate 
shall preferably be” decreased to one cone per five minutes within 
two cones of the final cone of fusion.” 

SiMCA Refractoeies. 

The possibility of preparing high-grade silica brick from quartzite 
rock ha^'bcen examined by E. Lux,^® who found that silica bricks 
could be made from quartz rock of a quality corresponding with 
those made from tertiary quartz. These bricks showed under the 
microscope, a hi^n degree of transformation, even of the large 
quartzite grains. Such a transformation wis effected in the case 
of quartzite rock by a high burning temperature as is employed 
in America. The degree of transformation of German silica bricks 

« Ibid., 1920, 8, 833 ; J., 1921, 10a. 

» Ibid., 1921, 4, 835. 

w Stahl u. Eiaen, 1921, 41, 258 ; J., 1921, 390a. 
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was usually of a n*uch lower ^rder, but microscopical examination 
of the better bricks showed that by arranging the method of 
manufacture to suit the raw material, a briclv might be made which 
is not inferior to those pi’cpared from tertiary quartz. 

K. Endell,“ in this connexion, has made a comparative study of 
American and German quartzites as raw materials for the silica 
brick industry. The chemical composition, cone fusion temper- 
atures, microstructure in the raw state and after successive firings, 
and velocity of inversion of successive firings, were determined. 
After a single firing to 1435° V., the German erratic block quartzites 
of the tertiary age showed a mucih greater* expansion than the 
American quartzites. Hessian quartzite resembled the American. 
The use of the German erratic block quartzites for the manufacture 
of silica brick of the higlu^st quality was the more economical, 
both in preparation and burning (;osts, a^ compared with the 
American quartzites. 

Observations \vere made by J). W. Ross,’- during an extended 
period, on the silica bricks in the crown of a tank furnace used in 
the manutaeture of bottfc glass. It was found that great care w^as 
necessary in heating up a new eroM'ii due both to the largo expansion 
of the whole crowai and to unequal eximnsion from place to place, 
some portions expanding (ionsidy'rably more than others. After 
having been in use for 18 months (or more) a erown could usually 
be cooled without disruption if the temperature did not drop too 
suddenly after the heating w as stopped. On reheating, the crowms 
only expanded one half as much as they did in the first heating 
and local non- uniformity was absent. When a crown had been 
cooled after bein^ in use for 1 8 months a large percentage of the 
bricks w^ero^ hr .m in two or contained a source of w'eakness 
approximately midway between the inside and outside of the 
crown. JVIiseroscopical examination of'the bricks after 18 months’ 
service indicated that they wxTe jiractieally all tridymite whereas 
the unused bricks were largely cristobalite and quartz. 

The Rheinische Stahlwcrke^^ has carried out comparative tests 
on each of two batteries of coke ovens, dne made of sMica bricks 
(95% silica) with Ijnie bond, and the oth ^ of ordinary clay bonded 
firebricks having 79-81% of silica and 15-17% of alumina. The 
former bricks w^ere much more resistant to corrosion from salty and 
wet coals, to slagging and fusing, and to mechanical abrasion. 
Also, contrary to expectations, the yield of Sulphate was not 
impaired. The coke ^rom the silica brick oven w'as of better 
appearance and considerably harder than that from the firebrick 
% 

“ J. Amvr. Ceram. >Suc., 1921, 4, 953, 

“ Ibid., 1921, 4, fes ; J., 1921, 218a. 

J. Enzenauer, Stahl u. Eisen ; Iron and Coal Trades Review, 1921, 102, 

232. 
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ovens. The economic efficiency of tlje plant wa* high. Numerical 
(lata are given, illustrating the difference bet wen the working of 
the silica and firebrickWens. 

In a study of unfircd silica bricks, the* following properties of 
silica bricks made in a manner similar to sand-liinc bricks, were 
studied by P. Schneider : compression strength, volume shrinkage, 
density, percentage absorption, and softening j^oint. The bricks 
were built into the furnace in the unfired state. Lime and fireclay 
grog tended to decrease the refractoriness too much, whilst clay, 
used together with lime, retarded the cementing action, preventing 
to some extent the formation (jf calcium hydro-silicates The 
following method of making silica brick is r(*(^ommended by 
F. Orth.’'‘ A mixture of pure silica (the largest particles passing 
a 40-mesh screen and the w hole graded so as to secure a minimum 
percentage of voids) *v\o‘th 2-5% of hydratt'd ]im(‘, is moulded, 
treated with steam at a pressure of 125 lb. per s(]. in. for ten hours 
and afterwards fired for eight days at 2SOte'-3000° F . 
(1540°-1650°C.). 

R. WietzeF® has studied the* stability/ relations of*'the glass 
and crystal phases of silica. The heats of crystallisation of 
quartz, cristobalite, and chalcedony w'er(‘ determiiK'd and also 
their mean specific heats from* very low^ tem])craturt‘s u]) to tin? 
melting point. Variations in the transition temi)eraturf;s of quartz 
and cristobalit(i w ere found to depend on the, state of division of 
the material. With very finely divided quartz the transition 
point could hardly be detected. Chalcedony is not a distinct 
form of silica, but is microcrystalline (juartz. The melting point 
of cristobabte is IGOO"^ C. Quartz can be melted w ithout conversion 
into cristobalite ; its melting point is between f and 1670° C. 


'Fireclay Refractories. 

Research into the properties of fireclay refractories has not 
diminished but has tended to increase. E. M. Firth and W. E. S. 
Turner^’ hWc continueef their investigations^® of British fireclays 
and have given the shrinkage's, porosities, etc., «ter the clays after 
firing to' 1500° C. 

The shrinkages of some kaolins and clays were measured by 
A. Bigot on slab^'of the prepared clays or kaolins : {a) wfficn the 
finely powetered materials w^ere madednto slabs without pressure, 

Tonind. Zeit., 192J,45, 4.52. 

U.g.P. i, 363,2(14; J., 1921, 149 a. t 

* Z. anorg. Chem., 1921, 116, 71 ; J., 1921, ,51 1a. 

« J. Soc. Glass Tech., 1921 , 6, 268 ; J., 1921, 891a. ’ 

See J., 1920, C28 a. 

Comptes rend., 1921, 172, 765 ; J., 1921, 302a. 
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(b) when the slajbs were iLOulded under pressure. They were 
compared also with sjahs prepared from' pq^wdered quartz, felspar, 
and talc. These last-named materials gave slabs which, on drying 
at 110°, lost weight but did not contract, finally falling to powder. 
With the (a) s imples, it was found, that contraction ceased before 
the weight became constant, the author supposing that, of the 
water added to the clay, part helped to swell the colloidal particles 
and part was merely interi>osed between the particles. Shrinkage 
ceased, on this view, when the colloidal water had been removed. 
Tests made with slabs moulded under pressures of 170 kg. and 
370 kg. per sq. cm. led to the conclusion that increase of temperature 
and pressure during moulding diminishes both the colloidal and the 
interposed water. In these cases, shrinkage ceased at an earlier 
stage than when the slabs were made withoi\|^ pressure. 

Ill a continuation of the investigation,"® Bigot measured the 
variations of volume with temperature of slabs of various clays and 
bauxities, the slabs being prejiared under a pressure of 800 kg. per 
s(i. cm. rThe conclusiorjs drawn were that all bauxities, kaolins, 
and clays which contain free silica, commence to shrink below 
1000° C. All those whicli expanded below 1000° contained free 
silica. Whilst bauxities do not rapidly expand before reaching the 
fusion point, clays and kaolins db. llic expansion is regarded as 
due to the evolution of gases which arc trapped in the vitreous 
silicates. 

R. F. Geller has studied the effect of time on the drying shrinkage 
of three shales, two ball clays, and one fireclay, samples of which 
were thoroughly worked, and then made up into cubes. It was 
found that the drying time depended largely on the watcT content, 
although thie4triK'l .ire of the clay was also of considerable influence. 
The totaf shrinkage was proportional to tlie water content, but was 
not influ(?nced by the rate of drying. • 

Porosity, a preperty of refractory materials which is of far- 
reaching iijiportance, is receiving extended treatment at the hands 
of E. W. Washburn and his colleagues. In.his introductciry paper 22 
the author brieflv outlines the significance of porosity. The 
requirements of ail engineering testing method are stated to be 
simplicity, rapidity, and convenience with no more accuracy than 
practical considerations justify. There should^ however, also be 
available a standard reference method, that is, a h^boratory method 
where accuracy is the, main ^requirement. Six types (if pores are 
described and the process of absorption under various conditions 
is analysed. Definitions are jproposed for the terms permeability, 
penetrability, absorptivity, porosity, bulk density, closed pore 

2" Ibid., 1921, 172, 854 ; J.,^1921, 302a. 

2 ^ J. Amer. Ceram. Soc.^ 1921, 4, 282. 

22 im., 1921, 4 , 916. 
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space, and “cracks ” and “Holes, ' and method^ ot measurement 
are suggested. ^ ^ 

In conjunction with F. F. Footitt,^® Washburn has made a 
thorough investigation of the use of water as an absorption liquid 
for the determination of poro^sity. He states that the ordinary 
immersion method and simile immersion in low vacua without 
boiling are unreliable. Absorbed water vapour may cause errors 
up to 2% in the porosity value. Perfectly dry fired clay will 
remove water even from concentrated sulphuric acid and from fused 
calcium chloride. Boiling in water at atmospheric pressure pro- 
duced a gradual and continuous rehydration of the clay, and errors 
from this source may amount to .‘1% besides the error from dissolved 
material, which may amount to 2% during a three hours’ boiling. 

A vacuum method ojE saturation is d(‘scribed in v hich water may 
be employed as the saturation liquid under conditions where the 
above sources of error are reduced to a minimum ; the method is 
not, however, recommended as a primary standard. It is shown 
from theoretical considerations that a soaking ptu'iod is necessary 
and methods are given for calculating and fc-r measiiring the 
minimum soaking period requir(‘d for a gi>^n test piece and a given 
liquid of known penetration. , 

The use of petroleum 2 >roductn as absorption li( 2 uids has been 
similarly investigated by Washburn,-* in collaboration with PI N. 
Bunting. The advantage of petroleum i>j’oducts is that slaking, 
chemical reaction, adsorption, and solvent action are avoided. 
Longer soaking time is required, however. ParalHn and vaseline 
are both materials vith a high fluidity when hot, and a compara- 
tively low ^fluidity when cold. JChi^y permit of .the surface of the 
saturated -test piece being ])rought to a definite land reproducible 
condition with all surface pores full. Paraffin may be Hsed, but 
vaseline is preferable because it undergoes no change of iphase on 
cooling. A saturation procedure is described ^ and comparative 
results given. A penetratimeter for determining the penetrativity 
of liquids is also described. This work is to be continued. 

R. M. Howe and his collaborators have continued their valuable 
work oq the spalling of ndractory materials. Ik. dealing with tests 
of firebrick made from ganister, flint clay, and plastic clay mixtures, 
Howe investigated several properties. Five experimental batches 
of firebrick were ^made by mixing various jiroportions of ganister, 
flint clay, asid plastic clay in such a way as to vary the silica content 
from 53 to 77% and the alumina content Irrom 43 to 20%. The 
fusion points were found to be only slightly lower than those of 
corresponding pure silica-alumina m^ixtures. Load tests at high 


*2“ Ibid., 1921, 4, 961. 
a* IbuL, 1921, 4, 983. 

“6 Ibid., 1921, 4, 206 ; J., 1921, 259a. 
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temperature showed that tht*. behaviour under compression does 
not depend on chc^-haical composition so much as on other factors 
such as the temperature of burning. The resistance to spalling, as 
tested by alternate heating and dipping in cold water, was found to 
decrease as the temperature of burning was increased from 1300° 
to 1400° C. The higher silica bricks were relatively more resistant 
at the lower temperature, but not so at 1400°. Therefore the 
substitution of ganister for flint clay increases the resistance to 
spalling at moderate operating temperatures, but is of no advantage 
at 1400° C. or above. 

Together with R. F. Ferguson, Howe studied the spalling of 
bricks which were heated in the door of a furnace and then rapidly 
cooled, some by standing in water to a depth of five inches, and 
others by directing a jet of cold air from a^ blower on them. In 
each case the loss in weight due to the detachment of particles was 
taken as a measure of the amount of spalling. Both spalling tests 
gave similar results. With bricks made from the same clay, 
lightly burned bricks spalled less than hard-burned bricks and 
resistance 'ito spalling was Increased by using coarser ground material. 
These tests led to accurate conclusions where the same fireclays were 
involved, but misrepresented the facts observed in works service 
when different clays were concerjied. These discrepancies disap- 
peared when the specimiuis were heated for a\e hours at 1400° C. 
before testing. Tv^o fireclays which pioduccd bricks which were 
very resistant to spalling when in use were characterised by a 
constancy in porosity over a wdde range of temperature, and were 
therefore considered very resistant to vitrification. When fire- 
bricks spalled in service the i>ieces were usually dense cA* vitrified. 
The connexign bt^/ween vitrification and spalling was established 
by expeiifflents. Fireclays which underwent slight change in 
porosity ^yhen heated over a wide range of tcmpcy’ature had a very 
slight tendency to vitrify, and were particularly adapted to the 
manufacture of non-spalling bricks. 

Howe anil o.M. Phelps-’ found that in the air-spalling test, burnt 
bricks with grog had their resistance to spalling increased by 5% 
for each 1 % of gr^ig added. The bricks with grog were, however, 
more porous and weaker mechanically, but showed less burning and 
drying shrinkage. The authors do not say that the same results 
would necessarily obtain with all grogged clay^, although with a 
plastic clay they appeared tcv do so. 

More than one investigator has been interested in the subject 
of plasticity, and the ageing of clays . R. F. MacMichael ^ ® concludes, 
from observations extending dver several years, that when water is 

Ibid., 1921, 4, 32 ; J., 1921, 217a. 

^ Ibid., 1921, 4,-119 ; J., 1921, 217a. 

British Clayworker, 1920-21, 29 , 163. 
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added to dry clay, a disruptive forcA’ is producAl within the mass 
opposing the cohesion o# the clay particles, plasticity resulting 
from the balancing of these forces. Flui(^s other than water can 
produce plasticity, but organic matter and soluble salts are not 
regarded as essential to plasticity. i 

The ageing of clay is dealt with by H. Spurrier.^® Evolution 
of carbon dioxide was found to continue for over 34 days after 
pugging, and, like the change of plasticity, to proceed more rapidly 
between 80° and 90° E. than below 60° F. The effect of replacing 
water by non-aqueous liquids is to inhibit the development of 
plasticity altogether. The effect of a dilute solution of hydrogen 
peroxide is to produce a pronounced increase of viscosity, and also 
to stimulate the growth of alga3 and the consequent evolution of 
both carbon monoxid^ and carbon dioxide. It appears probable, 
therefore, that the change of plasticity of clays with time is due, 
in some way, to the growth of such algse. This alga) theory w^ould 
explain all the facts found. The ratio of the amounts of alumina 
and silica dissolved by potash was found, for the three clays tested, 
to decrease rapidly with diminishing plasticity, and therefore might 
Avell be used as a quantitative measure of the plasticity. 

In a comprehensive survey .of the subject of the plasticity of 
clays, J. W. Mellor^^® states that^'it is probable, other things being 
equal, that the distribution of grain size which permits the closest 
packing of the particles and exposes the maximum surface area, 
would be most favourable to high plasticity. Agents which cause 
a clay slip to coagulate enhance the plasticity of clays, w^hile those 
w^hich defiocculate the clay diminish its plasticity. These effects 
can be explained by considering the various molecular forces 
between the clay and liquid molecules. Plasticising agents (e.j/., 
gum, tannin, etc.) probably act indirectly by adsorptiofl, though 
the plasticity of ehina clays practically free from organic matter 
shows that adsorbed organic colloids are not tl;ie source of their 
plasticity. There is an intimate connexion between the plasticity 
of a clay ^and its past Ipstory with respect to contact with water, 
which suggests that the clay is slowly hydrated to form a colloid, 
though no difference could be detected in the plasticity of a clay 
after removing as much of its colloidal matter as possible. 

H. G. Schurecht®^ made experiments on the effects of the firing 
temperature on ,tiie strength of fireclay and stoneware bodies. 
The cross^breaking strength, poroi^ties, ^and shrinkages were 
determined after firing to different temperatures. It was found 
' that, with one exception, maximum strength was developed by 
firing to cone S^ev^en when porosity and shrinkage data showed the 

■ ■ 20 j. Ceram,. Soc., 1921, 4, 113; J., 1921, 217a. 

Tram., Ceram. Soc., 1921, 21, 91 ; cf.'j.,, 1921, 471a. 

« J. Amer. Ceram. Soc., 1921, 4, 366 ; J., 1921, 6llA. 



REFRACTORY MATERIALS. 


221 


bodies to be over^ or under-^red at this temperature. The cause 
of weakening aboV'e cone 8 might be due to the formation of silli- 
manite. Bodies which developed maximum shrinkage and minimum 
porosity at cone 8 had a''greater ratio of fired strength to dry strength 
when fired to cone 8 than those which were under- or over-fired at 
cone 8. 

Several papers have been published dealing specially with refrac- 
tories required for glass-making. I). H. Fuller has made a study 
of some bond clay mixtures. In attempting to produce results from 
certain American clays equal to those obtained from Grossalmerode 
clay in glass pot bodies, the author found it was not possible to 
duplicate the physical properties, especially the low water of 
plasticity and low drying shrinkage of the Grossalmerode clay. 
Several of the mixtures, however, gave better results as regards 
resistance to corrosion of glass bateli than Vhe one containing the 
Grossalmerode clay. 

The raw materials used, the methods of grinding and mixing the 
raw clay and grog, and the way in which the ])otH are built and 
dried are*^ briefly described by W. K. Brownlee and A. Gorton.^® 
The authors emphasise the importance of handling the pots gently, 
and of storing them in a warm and dry place. The precautions to be 
taken in preheating pots* in arches are discussed at length, for 
this is the critical period in the life of the pot The batch should 
be properly crushed and mixed and should cither be preheated or 
loaded in gradually ; and the furnace temperature should be care- 
fully regulated. It is particularly urged that the tcichnical treat- 
ment of pots in the glass works be entrusted to a man trained in 
ceramics and pliysical chemistry. After discussing '•.the usual 
design of ar(^es heating glass melting pots, the authors suggest 
improvemehts as to fire])ox locations, construction of walls, door, 
etc. ^ 

Dealing with the proportional dimensions of wide and low glass- 
house pots, J. Baldermann argues that the most rapid and 
economica'I melting of a glass batch in open pots is accomplished 
by the use of comparatively low and vvide pots. THe internal 
dimensions of the pots recommended range from 1-51 m. at the top 
to 1*41 m. at the bottom, and 0-535 m. in depth to 0-82 m.,*0-72 m., 
and 0*42 m., respectively, the thickness of the pot wall ranging 
from 120 mm. to 90 mm. correspondingly. The capacity of the 
first pot is given as approximately 45 cwt. of batch, jand of the 
second 9 cwt. r- 

There have also been published a number of researches on various 
other points connected with fireclay refractories. 


32 Ibid., 1921, 4, 902; J., 1922, 101a. 

33 1921,4,97. 

3* Spreohsml, 1920, 63, 2, 11. 
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The tests on clays are unfortuna tely empirical and different 
investigators do not all use the same teste. R. F. MacMichael*’*® 
describes a series which he states have given satisfactory results 
in practice over a considerable period. General appearance and 
structure, working properties when crushed, pugged, forced through 
dies, plasticity when made to a standard viscosity, wet strength, 
drying and firing shrinkage, transverse and breaking weight, 
working, loss of weight, porosity, density, and refractive index, 
all are included and directions for their application stated. 

W. C. Hancock*'’® has shown by using a plastic Stourbridge 
clay, to which varying amounts of grog were added, that the 
■ amount of tempering water required diminishes as the percentage 
of grog increases, but increases when the grog is made finer in 
grain. 

J. W. Mellor, N. Sinclair, and P. S. Devereux found that clays 
gradually lose some of their so-called combined water at ordinary 
temperatures. This water is reversible and is restored in a moist 
atmosphere, showing that no drastic chapge has occurred in the 
structure of the clay molecule. This change is totally different 
from that which occurs when w'ater is expelled at higher tempera- 
tures. This overdried ’’ clay has some important properties. 
The resorption of water is so very slow, and it requires so long a time 
to restore the original plasticity that the working qualities, plas- 
ticity, shrinkage, etc. of certain troublesome clays can be modified 
and regulated by desiccation. The dried clay approaches the 
condition of many unweathered fireclays in requiring exposure to a 
moist atmosphere for a long time before the original plastic condition 
is resumed' The custom of seasoning glass pots for a few months 
in a warm dry place may not really be so redunoant an operation 
as might at first sight be supposed. From this point of ■ Yiew the 
storing of clays in a warm dry spot is not conducive to their subse- 
quent working in their most plastic state. 

The w'ater-smoking behaviour of two plastic brick clays, one 
shale, and one fireclay has been studied by R. F. Geller by heating 
4-in. cubes at different rates, tw'O thermo-elements being buried in 
the brick and two others placed against the exterior surface. To 
save time in water-smoking the ware should be previously dried 
not far from 100° C., good circulation should be provided in the 
kiln, and the temperature of the interior of the product should not 
lag appreciably behind that of the kibi. It should bo possible to 
water smoke heavy clay products in 15 hofirs with a heating rate 
, of 20° C. per hour. 

*5 British Clhyworker, 1920, 21, 29, 189. 

Trans. Ceram. Soc., 1919-20, 19, 149. 

1921-22, 21, 104. 

»» J. Amer. Ceram. Soc., 1921, 4, 375; J., 1921, 611a. 
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A method is dfWibed by^H. G. Schurccht=^» for determining 
the rate of sedim^tation of clays by peasiiring the suspended 
weights of a glass j^lummet in a clay sWp at different inter- 
vals of time. The sjlecilic gravity of the slip remaining in 
suspension be calculated as follows : — 8 (IVpB)-r(Pd~Pw)> 
where S is the specific gravity of thc'slip, Pd the dry weight of the 
plummet in grams, the suspended weight in distilled water, and 
P, the suspended weight in the clay slij). The average weight of 
clay per c.c. is calculated as follows : — = 1) (S — d) (D-d), 
where is the average weight of clay per c.c., D the specific 
gravity of the clay, and d the specific gravity of water. It is imprac- 
ticable to separate by clutriation clay particles smaller than 0-003 
mm., which constitute 50-100% of many clays. It is possible to 
classify particles as small as 0-0001 mm. by the plummet sedimen- 
tation method, and the results are mon^*^ uniform than those 
obtained by elutriation. 

According to W. H. Grarif® the failure of firebricks in oil-fired 
furnaces results from : (1) spalling and falling of side-w^all bricks ; 
(2) disintegration of brickS in the direct path of the flame ; (3) glazing 
of the surface with green glaze which penetrated and weakened the 
brick ; and (4) erosion by flame. A plea is made for more 
research in the field. * 

Basic Refractoiues. ' 

H. G. Sohurecht has made extended experiments in the dead 
burning of dolomite and magnesite. Dolomite is difficult to 
bum dead, because the absorption of moisture from the air produces 
a gradual slaking, due, probably, to the hydration of lime and 
various lime compounds, and this* tends to cause disintegration. 
With all thp/flu\(^^ tried, 100-mesh raw' material gave greater 
resistance* to slaking than 8-mesh size. This resistance decreased, 
however, •with increasing temperature of calcining by an amount 
which appeared tet depend on the silica and alumina content of the 
flux, being, greatest for basic open-hearth slag and kaolin, less for 
flue dust and iron ore, and least for roll scale. The sta];)ility also 
varied with the proportions of flux used, being greater, as a rule, 
for smaller proportions. The shrinkage and porosity curves for 
mixtures containing flue dust, iron ore, or roll scale were very 
similar. The higher the proportion of flux, the lower was the 
temperature required to get maximum shrinkage and minimum 
porosity. Kaolin and basic •open-hearth slag behaved* peculiarly 
in that vitrification depended more on the burning temperature 
than on the properties of the flux used. It was found that ageing 
of the wet calcined material ^as necessary to prevent cracking of 
»» Ibid., 1921, 4, 812 i J., 1922, 101 a. 

« Ibid., 1921, 4, 390; J., 1921, SIIa. 

" Ibid,, 1921, 4, 127 ; J., 1921, 218a. 
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the bricks upon drying. With 5% of magnjesium chloride as 
binder, comparatively strong bricks were obtained. High shrinkage 
on firing caused excessive cracking, but the bricks were extremely 
dense and did not disintegrate until after four to six months. 
Unfired tar-bonded bricks were made with sufiicii^nt strength to 
stand shipping and with a storage life of about four months. Fired 
tar-bonded brick showed less shrinkage and cracking than similar 
bricks made with water. If dipped in tar to protect them from 
moisture, such bricks would last five or six months before disinte- 
gration. It is possible then to make dolomite brick with a 
storage life long enough to allow shipping and placing in furnaces. 
Unlike dolomite, magnesite showed less slaking effect the higher 
the temperature of burning. Roll scale gave greater stability than 
iron ore, probably because of its lower silica content. The product 
was comparatively poious and had a low shrinkage even with high 
proportions of roll scale. 

A method of treating refractory oxides and for shrinking 
magnesia has been patented by L. K. Saunders. For (a) shrinking, 
agglomerating, sintering, or fusing rofractofy oxkk^s, or (bj shrinking 
magnesia, the material is heated locally by the i)assage of an electric 
current through, for instance, a thin carbon rod embedded in the 
charge above the median horizontal line. The carbon burns away 
and the charge in the vicinity agglomerates and becomes electrically 
conducting and then scTves to carry the current. 

On the basis of practical experience the preparation and use of 
mixtures of dolomite and tar for (converters are d(\scribed by M. 
Backheuer,^'* and a method is indicated for burning the I3lugs, 
rendering them free from crack,^ and giving grtmter durability to 
the packing. c 

In dealing with fireclay, silica, magnesia, chrome," bauxite, 
zirconia, carborundum, and alundum refractories for the electric 
furnace, R. M. Howe gives figures for fusion points, temperatures 
at which the refractory failed under a load of 50 lb. per sq. in., 
thermal conductivity at 1000'^ 0., and specific heat at 100° C., and 
indicates the resistance of each to spalling. He also gives direc- 
tions and advice for furnace construction and ccintrol. 

A number of patents have been issued covering the manufacture 
of refractory materials for furnace linings. A. Rollason^^ suggests 
crushed dolomite or magnesite mixed with 5-10% of crushed basic 
slag, passed through a basic-lined rotary kiln internally fired to 
approximately 1800° C. If annealed out hi contact with air it 
“ knits together ” better. 

« Asar. to Norton Co., U.S. 1,352,387 and 1,362,388 ; J., 1921, 149a. 

« , Stahl u. Eisen, 1921, 41, 954; J., 1921, 587a. 

« Chem. and Met. Eng., 1920, 23, 1215. 

« E.P,' 156,447 J., 1921, 149a. 
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J. F. Mollcn and^^W. W. Pathoo^® state that refractory material 
suitable for furnace linings is made by aiding a small percentage 
of common salt to a sfurry of raw dolomite and then passing the 
mixture through a rotary kiln opc^rated at a temperature sufficiently 
high to calcine the dolomite and drive olT practically all the salt. 

A monolithic furnace lining or other structure is made, according 
to J. H. Cumpsty,^’ by arranging suitable metal reinforcement in 
a mould and filling the latter with a thin cement composed of 
magnesia and sodium silicate or like binding material, or with a 
mixture of broken magnesite bricks or magnesite and 10% of sodium 
silicate. The moulded artick^ is dried and fired and is then ready 
for use. 

Other Refractories. 

Thc‘ investigation of the physical characteristics of specialised 
refractories lias btnui continued by M. L. Hartmann and W. A. 
Koehler,'*® who have determined the transv^erse breaking strength 
of ten commercial refractory bricks at 20^ C., and at 1350° C. All 
materials dxcejit two specimens of bonded carborundum showed a 
great redu(;ti(ui in stnaigth at the higher temperature. The values 
for the modulus of ru])turc in pounds }xu* square inch at 20° C. and 
1350° (J. resiXHitively for s])eciraens' of the materials mentioned, 
were : bonded carborundum-carfiofrax A 210^, 2274 ; carbofrax 
B 2651, 2129 ; carbofrax C 2215, 1918 ; silica No 1 608, 145; 
silica No. 2 491, 178 ; magnesia 1388, 136 ; fireclay grade A 665, 
113; bauxite 1315, 99 ; chrome 1392, 22. 

The pre])aratioTi of zirconia from Brazilian ore and a new method 
for determination of zirconia is described by K. C. Rq^siter and 
P. H. Sanders. In the extractibn of zirconia in a pure state 
from its oyess "^ne of the chief difficulties is the complete separation 
from iron and alumina. This paper describes a simple method for 
the separation, one which has been found to give jTractically quanti- 
tative results. Tile method is based on the precipitation of the 
zirconia as a basic sulphate in which the ratio of zirconia to sulphuric 
acid is expressed by the formula 5Zr02,2SQ3. 

M. Sheppard has studied the effect of calcined zirconia on 
zirconia cements. Vrven refractory cements were made having 
compositions of zirconia 90% and plastic clay 10%. The shrinkage 
was found to be excessive in a cement containing raw zirconia 
and clay. The addition of 50% or more of calcinoil zirconia practi- 
cally eliminated this shujinkagS and the crficking which accompanied 
it. Draw trials showed that the cement became strong at 1200° C. 

U.S.r. I,:ui5,33(>; J., 192U149 a. 

E.P. 15.5,31.5 ; 1921, 82a. 

Trans. A^mr. Electrochem. Soc.^ 1921, 129 ; J., 1921, 771a. 

J., 1921, 70t. 

'*« J. Atmr. Cer. Soc., 1921, 4, 6G2 ; J., 1921, 891a. 
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and that it was very strong when oumed at 1700° C. Load tests 
on piers at 1500° C. shewed that joints of these cements did not 
fail in any manner at this temperature. ' An industrial test of 
zirconia cement used as a wash for bungs in a malleable iron furnace 
showed that the life of a bung was increased about 25% by the 
use of a zirconia wasji. 

Patents granted to the Carborundum Co., Ltd. included the 
following : F. J. Tone makes a highly refractory material consisting 
essentially of a burnt mixture of zirconia and sillimanitc. Others 
by 0. Hutchins are for (a) a highly refractory material consisting 
essentially of a burnt mixture of zirconia and alumina, and (6) a 
mixture of zirconia and chromite. M. L. Hartmann®^ describes a 
refractory containing carborundum and a bonding material contain- 
ing mixtures of zirconium and aluminium silicates. S. C. Linbar- 
ger®* outlines the production of a refractory article which is 
built up in layers, one outer layer having fireclay as its predominating 
clement, and the opposite outer layer, forming the facing of the 
article, having silicon carbide in proportions ranging from 50 to 
100%. In order to avoid spalling the amount of silkkm c.arbide 
in the intermediate layers is proportioned so that the coefficient of 
expansion varies gradually on passing through successive layers. 

Graphite for crucibles has received considerable attention. 
F. G. Moss has dealt with the refining of Alabama flake graphite 
for crucible use. Investigations on refining crude graphite concen- 
trates showed that no one refining treatment is equally applicable 
to all concentrates on account of the different characteristics of the 
crude graphites and their impurities. When the impurities are 
free or soft, they can easily be separated by grinding, but hard 
impurities interlaminated with the graphite aro more difficult to 
separate. An aspirator and pneumatic jig are only useful for 
removing the coarse, hard, and free impurities. It is possible by 
the refining method suggested to obtain a final product with over 
90% of carbon. 

G. H. pub published tentative specifications, suggested by the 
Columbus Experiment Station of the U.S. Bureau of Mines, for 
No. 1 flake graphite, as follows : The graphite carbon content 
determined by weighing the residue left after heating the dried 
sample for three minutes at 800° C. should not be less than 85%. 
The cumulative percentage residues on a series of screens should be : 
35% on 35 standard mesh ; 50% om65 standard mesh, and 100% 

U.S.P. 1,362,274 ; J., 1921, 82a. 

U.S.P. 1,362,316-7 ; J., 1921, 82a. 

»» U.S.P. 1,376,091 ; J., 1921, 434a. 

Assr. The Carborundum Co., Ltd., E.P. 168,261 ; J., 1921, 735a. 

U. S. Bureau of Mines Bull, 112, 1920, 46 ; J., 1921, 81a. 

68 Ibid.,‘im, 112, 38 ; J.. 1921. 81a. 
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on 100 standard n^csh. The I permissible allowance is not more 
than 3% through a 100-ii]esh screen. 

Two methods for making graphite crucibles are described by 
J. H. L. De Bats." In the first, non-ferrous metal is mixed with 
the material containing clay from \vhich the crucible is made, 
giving, in use, a surface coating of metallic silicate, and in the 
second, finely-divided metal of the aluminium-magnesium group 
is mixed with material containing clay used for making crucibles ; 
the latter may be burned shortly after moulding. 

" Assr. to 1h(‘ Lava Cniciblo Co. of Pittsburgh, U.S.P. 1,374,909 and 
1,37^,910 ; 1921, 434 a. 
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CERAMICS AND BUILDJNC MATERIALS. 

By W. Emery, 

Pottery Laboratory, Stoke-ov -Trent. 

The past year does not appear to be marked by any woi k of out- 
standing significance, thougli the literature published during the 
period, while not extensive, contains many interesting and 
important data. Research work seems to have biaai applied more 
generally to the solution of specific commercial jnoblems, the funda- 
mental scientific ])ri :iciples, afiecding the whole field of ceramics, 
having received rather less attention. This was, pcM'haps, the 
natural consequence of the unsettled economic conditions, which 
have prevailed universally throughout the })ost-\\ar period. The 
scarcity of coal, for instance, is res])orsible for th(‘ remarkable 
amount of sjiace d(H’-oted by the technical journals to the- subject of 
fuel economy in all its aspects. 

The physico-chemical problems concerning th<‘ natures of soils 
have , ( )f late , received m uch atkultion . Some of these — in ]3art icul ar 
those dealing with the effect of grain size and tlu' cpiantitative 
disposition of colloidal matter, bearing, as they do, on the funda- 
mental properties of clays- arc^ of special interest to the ceramist. 

In a bulletin, not previously mentiomd in this summary of 
progress, Sven Oden^ discusses in an able manner the various 
theories "postulat(*d in explanation of the constitution of clay. 
As the result of his own observations, he defines clay as ‘' A disjRTSo 
formation of mineral products in which particles smaller than 2/jl 
predominate. Ainongst these mineral fragments may octur quartz, 
felspar, mica, and others, as well as their various decomposition 
products.” Also, “ While in most colloidal media the disperse 
phase constitutes the minor part of the system, in clays tlie disperse 
phase predominates.” 

A. Bencke ^ has studied the relation betweeri'the colloidal matter 
in clays and plasticity. Several exi)eriments on the adsorptive 
capacity of clays are cited. The author states that when specified 
salt solutions are allowed to stand in contact with clay, definite 
amounts *of the basic ions are adsorbed. In his remarks on the 
action of electrolytes upon clay slips, he again draws attention to 
the fact that the phenomena of deflocculation and coagulation 
occur in pha^^cs ; the curves indicating the progress of these 
phenomena show maxima and minima. He concludes, in his 

1 Btdl. Oeol. Imt. Upsala Univ., 1916, 15, 175. 

2 Sprechsaab 1920, 55, 490. 
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summaiy, that tlic? rocognitiu|x aiul furth(;r invxvstigatioii of tlio 
colloidal iiatuni of (days itiay lead to a satisfactory scientific method 
of measuring plasticity. * • 

C. J. Moore, W. H. Fry, and FT. K, Middl(;ton=' have worked out 
the necessary derails of a pi'ocess for measuring the colloidal content 
of (days. Flieir method may be suinraarised thus : The sample 
is l>lung(‘(l with wat(T, allowed to setth^ for a giv(ui length of 
time, th(‘ appanaitly cl(‘ar sup(u*natant lic^uor then (h'canted, 
centrifuged, and the colloidal matter (extracted by dialysis. The 
behaviour of this so-callt'd '' ultra-clay ” is typically colloidal ; it 
exhibits a well-defined Brownian movement, and when dried has 
an exceptionally high mechanical strength. Two methods are 
indicated, one based on the relative absorption of ammonia after 
drying at llO'" (■., and then after heating to 1 130° and the other 
on the relative absorjition of malachite green {i^fter similar tn^atment. 
A typical result is: — (Colloidal clay, heated to 110°, absorbed 
0*1 BK) g. of dye ; untreated clay, heated to 1 10°, 0*0357 g. ; heated 
to 1130", 0*boi8g. Assuming that the last figure (0*0018 g.) 
•’epresents •the absorptioti by non-colloidal mattiT, then 0*0357- 
()-0018— 0*0339 g. has been absorbi'd by the colloicl. Hence, the 
ratio of 0*0339 to 0*1190 gives the proportion of colloidal matter 
pres(‘nt in the clay, in this case therefore, 28*3%. Parallel experi- 
ments on similar clays to those used for the dyt'-absorption test 
were subjected to the ammonia treatment, witii the remarkable 
r(‘sult that identical valui's w cro obtaiimd in both cases. 

A modification of th(^ apparatus designed by Od(:*n for studying 
the sedimentation (jf soils is described by H. G. Schurecht.^ For 
d(;termining the I'ate of sedimentation of clays the •suspended 
weight of a gl^ss oiummet immersed in a clay slip is determined 
at different Intervals of time. The new apparatus, designed by 
the U.S. JJureau of Mines, is intended to overcome some of the 
objections to tlie Odtm and Wiegner methods, ft is claimed that 
particles as small ils 0*0001 mm. can be classified by the plummet 
sedimentation method and that the results are more uniform than 
those obtained by elutriation. • • 

Many experimenters have used the “ Plate theory ” in relation to 
plasticity, so that further investigation of the mechanics of surface 
friction is welcome. G. Terraghi has determined the character 
of these forces by a careful study of the behaviour of smooth glass 
plates in close contact. Wl^en exposed to external forces, the 
effect of interposed water films is very marked. Frictional 
resistance was found to be due to the presence of microscopic 
particles deposited between th (4 two surfaces. 

J. Ind. Emj. C/jtm., 1921, 13, 527 ; J., 1921, 710a. 

* J. Atmr. Ceram. iSoc., 1921, 4, 812 ; J., 1922, 101a. 

Phijfi. Rev., 1920, 16, 54. 
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In an account of his research?’ on the nature of occlude 
gases in prepared clay<,s, H. Spurrier® has made a valuable 
contribution to ceiamic literature. C>1ay })ugged in the 
manner described in his earlier comlnunications was found 
to evolve carbon dioxide continuously for ^ 35 days. A 
parallel series of trials was conducted at temperatures of 60° F. 
and 80°-90° F., and it was found that the rate of evolution increased 
at the higher temperatures. This observation is important, since 
it was already known that clays stored at a temperature slightly 
above normal became more plastic than when aged at, say, 60° F. 
Subsequently, he designed a series of experiments with the object 
of artificially increasing the plasticity of clay. WattT, for 
instance, was replaced by alcohol, benzene, bromoform, 
carbon bisulphide, carbon tetrachloridi^, ether, and sulphuric 
acid, but none of these substances led to the^ desired result. 
He concluded, therefore, that the presencir of hydroxyl- 
ions is an essential factor. Upon adding hydrogen peroxide to 
various slips, he found that the viscosity and plasticity were in- 
creased with a simultaneous growdh of gk'een alg.-e. OVhng to the 
respiration of this filamentous growdh, carbon dioxide and 
carbon monoxide w'cre given off ; to maintain continuous 
growth, further additions of the peroxide had to be made from 
time to time, the, mass finally becoming distinctly plastic. The 
author concludes that the increased plasticity of stored clays is 
due to bacterial action (a theory that had been propounded many 
times previously, and at least one attempt has been made on a 
commercial basis to increase plasticity artificially by somewhat 
analogous methods). A comparative measure of plasticity, it is 
suggested, may be obtained By determining ^le ratio alumina- 
silica dissolved by a hot solution of caustic potash.. The few 
experiments recorded appear to warrant further research along these 
lines, but they are not of such a nature as to justify positive con- 
clusions, little having been added to the results \)btained by earlier 
observers. 

J. W. Mellor’ review’.^ the modern theories I’olating to the causes 
of plasticity and criticises many of the so-ca^cd plasticity tests, 
e.g.f dye-absorbing capacity, viscosity of slips, flow under pressure, 
etc. The property, he points out, is a mechanical one, the resultant 
effect of a deformation and a pressure, therefore tests which measure 
only one physical property are not measuring plasticity. He 
states fuAher that experiments are now Veing made in which the 
following factors are noted : — ^the proportion of water to the clay, 
the resistance offered to change o^ shape, the amount of defor- 
mation possiMe without causing the clay to crack; and that the 

« J. Amer. Ceram, Soc., 1921, 4 , 113 ; tf., 1921, 217 a. 

’ Trans. Ceram. Soc., 1921, 2h 91 ; J., 1921, 471a. 
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results will bo pulilishcd latfr. In the concluding portion of 
his paper, the author recalls previous exjjeriments carried out by 
Lowenstein, Bleininger,^ind Moore, who reported that clays may be 
partially dehydrated at’ ordinary temperatures, and that long 
exposure in a mpist atmosphere restores the plasticity. Hence the 
change may be said to be reversible. * 

The experiments reported by J. S. Laird and K. V\ Geller® on 
the rehydration of clays that had been calcined to temperatures of 
at least 700° C. are worthy of note in this connexion. 

S. Satoh® has studied the changes which occur when Japanese 
kaolinite is heated over a range of temperatures extending from 
100° to 1400° C. In the initial experiments he used an apparatus 
similar to that described by earlier research workers, but finally 
adopted a differential method. As the furnace containing the 
kaolinite was heated, the temperature of the sjiJjcimen was compared 
with that of a substance assumed inert, such as quartz sand. 
Minor endothermal and exothermal changes occurred up to 1(K)° and 
at 100°-300° C. respectively. Further endothermal changes were 
noted at 4S0°-050°, and 'again at 650°-700° whilst exothermal 
changes were indicated at 950° and between 1200° and 1300° C. The 
author is of the opinion that the kaolinite is dehydrated between 
450° and 650° C., and that the change observed between 650° and 
700° is the result of the dissociation of the anhydrous kaolinite into 
free alumina and silica. The polymerisation of alumina occurs at 
950° and amorphous sillimaniti is formed between 1200° and 1300° C. 
In support of these assertions he points out that kaolinite^ becomes 
isotropic above 900°, and that there is a marked increase in rcfrac- 
tivity between 1200° and 1300°. His conclusions as to thcdformation 
of sillimanite are ‘somewhat contradictory, since, in his opening 
remarlvs, he ‘states that the formation of sillimanite begins near 
1400°. Sillimanite has been positively identified in clays not 
heated to such temperatures as those indicated by Satoh. As 
W. M. Washburn pointed out in the discussion, quartz cannot be 
regarded a^an inert substance, since it shows a definite endothermal 
change at 575°. Hence, any conclusions regarding possibte changes 
in kaolinite in the neighbourhood of this temperature are invalidated 
if a differential method of comparison with the behaviour of quartz 
be the basis of the experiment. 

Radical alterations in the methods of preparing china clay are 
described in a recent review o^the subject.^® The Clayey suspension 
is removed from the op^ workings by electrically-driven centrifugal 
pumps, thus rendering obsolete the button-hole launder, Cornish 
pumps, etc. Cone-shaped sand settlers are replacing many of 

“ Ann. Bepts.f 1920, 5, 208. 

J. Amer. Ceram. Soc.^ 192k 4, 182 ; J., 1921, 259a. 

China Clay Trade Rev., 1921, 2, 740, 
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the older rectangular sand di*ags i The eliiek^ncy of the clay 
drying process is likely to be increased if thc^ exiieriinents 
with gaseous and oil fuels now in progress on a works scale 
arc successful. 

According to A. S. Watts/^ chalcedony may. be substituted 
for flint in whiteware bodies. Treated in a similar manncT* to flint 
as regards calcination etc., the material would appear to be a 
suitable ingredient where the usual flints are unobtainable. 

R. Twells and V. (\ Lin^“ have made an exhaustive study of the 
effect of rej)lacing free silica in porcelain bodies by zirconia and 
alumina. The tyj^e of j>orcelain developed by them appears 
to be very suitable for electrical insulators. Zirconia lowers the 
maturmg point of the body and greatly inercuises the resistance 
to rapid thermal changes. Alumina lengthens the firing range, 
thus giving stability; but increases the liability of th(^ finished 
product to rupture when subjected to rapid alternations of ternptu’a- 
ture. The results as regards the (‘ffect of the two materials on 
dielectric strength and toughness are inconclusive. (Confirmation 
of the above data relating to zirconia is found in a later rejiort by 
R. F. Geller and B. J. Woods, who extended their experiments 
to include rutile, thoria, and zircon. A series of porcelain bodies 
were made up, in which these "mg,terials were used to replace flint ; 
the amounts used ranged from 27 to 49%, with a simul- 
taneous decrease in felspar content of from 2s to 6%, in 
every case the proportion of clay remaining constant. Additions 
of rutile and thoria cause the body to have und(vsirable pro 2 >erties, 
without any corresponding increase in mechanical strength or 
resistance.' to spalling. Zirconia behaves excellently, and is un- 
doubtedly a desirable^ constituent in the ty 2 )e of body under rc^view. 
On the contrary, zircon is unsatisfactory, both from* a manu- 
facturing standpoint, and also as regards desirable quali^/ies m the 
finished goods. 

The work reported in last year’s summary on the production of 
“ low-fire ” porcelains has been carried a stage further by T. 
Hertwig,^"* who has cdtnpounded a series of bodies in which he 
varied the molecular proportions of the different basic oxides and 
also the acid ratio in relation to the total RO content. He concludes 
that a high potash content, coupled with a correspondingly low 
acid ratio, gives the best results. Reference is made to the “ greasi- 
ness ” which is common in porcelai^js with a high silica content. 
This defect has received considerable attentibn by other ceramists — 
notably Seger. 

Brick Gla^ Rec., 1921, 69, 583. 

'12 J. Amer. Ceram. Soc., 1921, 4, 195 ; J., 1921, 260a. 
i« Ibid., 1921, 4, 842 ; J., 1922, 101a. .. 
i« SpreoJisaal, 19^1, 64, 11 ; J., 1921, 148a. 
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G. Karrant*'* advocat-c^s th«v application of closi^d-circuit cylinder 
grinding to the preparation of ceramic Jbody materials. Most of 
the figures accompanjr ing the paper refer to the grinding of heavy 
mineral products ; the author, howc^ver, recognisc^s the fact that 
the pottery ra,anufacturer requires a totally different quality of 
fineness from that which applies do industries for which it is 
sufficient if a material ])asses a certain sjiecified lawn. In the 
case of flint, stone, felspar, c^tc., used for ceramic bodies and glazes, 
there must be a definite grading of the ])articles, particularly 
those ranging betwetai 0*01 and 0*003 mm. in diameter. It is 
claimed that, by the use of a Hardinge coni(;al (cylinder in circuit 
with a suitable hydraulic; classifier, any predetermined grading 
can be obtained. The jirinciples involved in the use of continuous 
ball mills of various types have been discussed prc'viously, and 
there is no doubt that conical ball mills are r'lost (efficient mechani- 
cally. The particular classifier mentioned by this writer is of the 
ladder conveyor type, but in the subsequent discussion doubts 
were raised as to its suitability for the purpose. Considering the 
tendency 'of cylinder-grdund materials to set on standing, there is a 
distinct possibility that these fears may be well-founded. Probably 
a much simpler tubular hydraulic separator could be designed, wliich 
would give better results without the elaborate ma(;hinory involved 
in the type suggested. Tlie author states that a Dorr classifier has 
been ordered for use in a pottery mill, so thai the publication of 
precise data may perhaps be expected later. Tho closed-circuit 
system will require considerable modification b(;fore it can be 
used for the grinding of jiottery glazes, containing varied projiortions 
of hard, glassy fritt, relatively softer materials, e.g,, sjtone, flint, 
and also lead com]>ounds with a i&ueh greater specific gravity than 
the remjjjmifg ingredients. 

B. Mopre,^* in a paper dealing with the question of grain size of 
body materials, enqihasises the fact that, in certain instances, the 
physical conditidh of the materials is of greater importance than 
the chemical composition. The laboratory grading tests are 
generally carried out in a Schdne elutrkitor, Schulze® funnel, or 
modifications of these appliances. In any case, the quantities 
dealt with are small, and the risk of experimental error is such that 
skilled operators are essential. Furthermore, the time involved in 
carrying out a test renders the results in many eases of little practical 
value. The works elutriator described by thcflauthor appears to 
be simple and highlyi efficient. A pint of slop material can be 
elutriated, and the result of the test known within four to six hours, 
and this without the supervision of an expert operator. In the 
concluding portion of this paper the principles involved in the 

Pottery Gazette, 1921, 46i 1796. 

Trans. Ceram. Soc., 1920, 20, 112 ; J., 1921, 771a. 
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calculation of surface factors are djscussed at* length, an earlier 
research by J. W. Mellor^ on the subject being recalled. It has 
generally been assumed that, in a sample containing particles with 
extreme diameters of O-Ol mm .-0*06 mm.,dqual weights of particles 
of 0*01, 0*02 .... 0-06 mm. diameter are present^ From obser- 
vations extending over a lengVhy period, the author is of opinion 
that this assumption is totally wrong ; he argues that if, for instance, 
a sample of flint is ground until 50% is finer than 0*01 ram. in 
diameter, then 50% of the remaining jiarticles will have a diameter 
of 0*02 mm., 50% of the subsequent remaindfu* one of 0-03 mm., 
and so forth. Summarising, he states that, in fine grinding, the 
weight of the finer particles is constantly increasing, with a 
corresponding decrease in the weight of the coarser fraction. Hence 
the surface factor, as usually reported, will be Iowct than it should 
be. For materials likely to vary in density he recommends that 
specific gravity determinations should be made and the velocity 
of the water passing through the elutriator adjusted accordingly. 
Continuity of sizes is a subject which calls for careful investigation, 
for, if a definite law could be postulated, '^>y the aid of Vhich the 
proportions of the remaining fractions could be calculated, given 
the weight of one fraction, a great step forward would have been 
taken towards the simplification of factory testing methods. 

A. Heath and A. JiCese” submit so.me data concerning the effect 
of the calcination of the flint in an earthenware body. When 
flints used in whiteware bodies vary in the degree of calcina- 
tion many troubles may arise if the slop method of mixing 
be adopted. Boulder flints w^ere calcined in two kilns, in one of 
which a maximum temperature of 720° (1 was reached in 12 hours, 
the other attaining to a temperature of 1100° i^i^ 60 hours. The 
specific gravities of the resulting calcined materials were 2-481 and 
2-312 respectively, whilst the surface factors of the ground materials 
were practically identical. Two batches of a standard body were 
made up; easy calcined flint was used in one, and hard-calcined in 
the other. Distinct variations in firing contraction and porosity 
were noted^ and the harder calcined material showed less inclination 
to craze. A simple volumeter was described, bj^ the use of which 
indirect estimation of specific gravities might be speedily effected. 
Incidentally it was mentioned that calcined flints occasionally 
exhibit a blue coloration instead of the normal white tint, and it was 
suggested that this defect might be due to the formation of a 
compound kllied to ultramarine. 

Attention is directed by A. S. Watts^® to the possibility of defects 
arising from the use of unprecipitated, soluble cobalt stain in white- 
ware^ bodies. He concludes from his experiments that it is necessary 

” Ibid., 1920, 20, 121 ; J., 1921, 771a. * 

J. Ame,r. Ceram. Soc., 1921, 4, 451 ; J., 1921, 771a. 



CERAMICS AND BUILDING MATERIALS. 


235 


to dissolve the salt in wat'^r and precipitate the cobalt by 
the addition of sodium carbonate. ,As a suitable concen- 
tration he suggests that ten parts of cobalt sulphate to 500 parts of 
water be precipitated by the addition of 5 parts of the alkali. 
Figures are giyen relating to the quantities i*equired to neutralise 
various weights of ball-clay ; Watts states that, if more than 15% 
of ball clay be present in a body, it is impossible to decolorise it 
completely with cobalt stain. The author claims that the soluble 
decoloriscr may be used for glazes, and suggests that for 100 lb. 
of a normal glaze about 10 oz. of the solution is required to give a 
clear white colour. His conclusions as to decolorisation of bodies 
containing ball clay will bo questioned by English manufacturers. 

The usual methods adopted for dewatering clay slips (hlter- 
pressing, evapor^ition, etc.) are notoriously inefficient. This is 
mainly due to the peculiar behaviour of clayey suspensions. The 
colloidal nature of ])ottery clays rules out what, in other industrial 
fields, are distinctly economical systems, as, for instance, the 
rotary drum type continuous filter. Centrifuges are unsuitable for 
compounded bodies, otving to the unavoidable separation and 
grading that takes place in this type of machine. Electrolytic 
presses, on the other hand, appear to offer possibilities ; it may, 
therefore, be expected that the cosily experiments now in progress 
will eventually justify the outlay. Meanwhile, modifications of 
present systems, particularly in the adoption of compressed air 
as a means of filling filter presses, are materially reducing mainten- 
ance charges. A clothless filter-press is reported,^® but as yet no 
data concerning its behaviour in practice are available. 

High labour costs have, of necessity, directed attention to the 
efficiency, ojj ot herwise, of the Various making processes, and 
though thff published information on the subject is perhaps a little 
scanty, yery real progress is being made. Casting with alkaline 
slips is becoming general in all branches of the* industry. This is 
particularly noticeable in the heavy enamelled fireclay and sanitary 
line, whitet in the manufacture of bone china its advantages are 
now being recognised and exploited. Multiple moulds «.re used in 
increasing numbers with good results. Numerous patents have 
been taken out for jolleying machines, automatic turning lathes, 
and accessories for placing. 

In a valuable paper, A. B. Taylor and E. Irvine publish data 
relating to porosity, strength, and absorbing* power of pottery 
plasters. In connexitn with research work on casting under pres- 
sure, they were desirous cf producing a mechanically strong mould 
which, while able to withstand the exceptional pressures, would 
yet retain sufficient porosity to give the required labsorbing power. 

O. Frank, G.P. 330,224 f J., 1921, 390a. 
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Tho first scries of cxjMTimonts was cjit^sigiicd to Ik^tcriniiu^ : (I) tju^ 
relation bctwcc'ii the aino|int of watin* iisctl to gauge the X’lastei’ and 
its mechanical strengrti etc., and (2) the result of emx)loying a 1 % 
solution of borax insti^ad of water. It whs found that the borax 
solution acted as a retarder and ixTinittcd a larger x)ro])ortion of 
plaster to water to be used. 'Naturally, the resistance to ini])act, 
crushing and tensile strength were increased. The latter portion of 
this pajier deals with the designing of the moulds w ith refereiujc to 
moulding under iiressure ; it was found that those paids which 
first become saturated with w^ater take uj) a thieJoT laytu- of clay 
than the remaining surface, consequently greater attcaition has to be 
jiaid to variations in thickness at different points. Allen has 
proved tliat in vacuum casting the design of the mould is all-impor- 
tant. Th(^ relation between i)orosity and permeability was also 
noted ; in this coniULXsipn it may be iiointed out tliat th(‘ method of 
mixing and iiouring would vitally affect th(‘ results. A})art from tho 
advantages numtioned by the authors, retardt‘d heavier-gauged 
mixtures would undoubtedly iirove of great service in the manu- 
facture of such articles as mould -makers’ cA<scs, where stnaigth and 
non-absori)tion are factors of ])rime importance. Furtluu’ research 
along th(^se lines will certainly be of incalculable })oncfit. 

The drying shrinkage of som6 shakes, fireclays, and ball clays has 
been studied by R,. h\ Geller.^^* Twodnch cubes were dried in 
electrically-heated ovens, and in each ex}>erimenktlie time-tenq^era- 
ture curve was ajiproximately a straight line. In general, his 
conclusions confirm the results of other earlier investigations on 
this subject, and prove that a greatly increased drying rate is possible 
if the moisture is removed as quicldy as it is formed. The fact 
that an American ball clay, thohgh containing considerably more 
moisture than an English variety, can be dried more , quickly , 
seemed to cause the author some difficulty. It must b(; remem- 
bered, however, tliat uniformity of grain size tends to increase the 
drying rate ; and that these tw^o types of clay differ considcTably 
in this respect, has been demonstrated repeatedly in jirevious work 
on the tensile strength oi American and English clays. 

A paper by A. Bigot embodies the results (^f his observations 
on tho loss of weight and linear contraction of kaolins and other 
clays during drying. He states that contraction ceased before 
the clay reached constant weight, and concludes that a portion 
of the added water combines with, and thertiore increases the 
volume of, the colloidal particles, the remaiider merely serving to 
fill in the interstitial spaces. Evaporation of the “ colloidal ” 
water must reduce the volume of the fixture, whereas the loss of 
the intervening Water has no effect. 

21 J. Amer. Ceram. Soc., 1921, 4, 282 ; J., 1921, 390a. 
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Tho need for intcrnational^tandardisation of testing methods 
as applied to ceramic products is still farther emphasised by the 
reports issued during 1,921. This lack of uniformity among the 
records renders it unnecessarily difficult to correlate the available 
data. « 

China clay producers have an agreed standard of colour, by 
which any new samples are graded, the price varying directly 
with the i)UT‘ity of th(i colour. Ostwald’s colorimetric scale, 
described by W. Funk,-^ would be a suitable one for such 
standardisation puriioses. 

Many methods have been proposed for the measurt'ment of 
transluconcy. R. Fournier-'^ aj)proaches the subject from a dis- 
tinctly nov(d standpoint ; he takers advantage of the fact that the 
resistance of a selenium plate located in an electric circuit varies 
directly with the amount of light it receives. In his instrument 
the personal factor is (entirely eliminated, since the measurements 
bear a ])ositive relation to the translucency of the sample. He 
claims, fmdher, that, wjth slight modification, the instrument can 
be ari'anged to measure' the reflecting power of any surface. If the 
apparatus described by Fournier could be modifi(‘d so as to measure 
the translucency of porcelain and the reflecting power of pottery 
glazes, it would be of great servictj to the ceramic industry. 

An improved machine for the measur(‘m(‘nt of resistance of 
poi‘C(5lain bodies to impact is accredited to R. Rosenthal and F. 
Singer. 2*''’ The instrument is of the pendulum-hammer type, and 
is giving consistent results. From the description, it appears to 
be a modification of an Izod impact tester, as used in the engineering 
industries. , ^ 

The study ^f porcelain bodies lends itself to the use of ternary 
gra])hica4 representations, and in a dissertation by V. Pfaff and 
M. DonaJbh“® a useful method is outlined. By the use of superim- 
posed triangles the relation between materials, body mixtures, 
etc. and the theoretical clay, quartz, and felspar contents, can be 
seen at a* glance. 

H. H. SortwelP’ reports the results of Ids work on thfc solubility 
and fusibility of alkaline frits of the type used as a basis for pottery 
glazes. He indicates clearly and concisely the limits within which 
frits may be successfully compounded from fused borax, felspar, 
and lime. The effect of the latter constituent in decreasing the 
solubility is decidedly mark(^d, though none of the ternary mixtures 
examined had a really high solubility. The determination of 
the deformation point was difficult owing to the peculiar behaviour 

Ber. (Icutfi. Jeerom. Oca., 2, 39. 
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Chem. Zentr., 1920, 90, IV., 675. 
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of the high-borax frits. Possibly fthe results would have been 
better if each of the mixtures had been previously melted, and 
the deformation points then determined dh the fused material. 
Further research by the author would be welcome, particularly 
if he could establish a law governing the deformation point and the 
viscosity of glaze frits. 

The same author-* has investigated the relation existing between 
the bases, alumina, and silica in the production of high-fired porce- 
lain glazes. Using a constant RO content he varied the molecular 
proportions of silica and alumina within wide limits. The experi- 
ments prove that the alteration of the silica content has a more 
pronounced (‘ffect upon the range within whiijh good glazes may be 
expected than is the case with alumina. The effect of increased 
temperature on eac;h of the glazes is w^ell shown by the diagrams 
accompanying the paper. At cone 10 there is a large area of 
crazing glazes and a smaller area of bright glazes. At cone 12 the 
former has decreased, whilst the number of bright glazes has 
increased. A few of the glazes were “ bubbly ” at the higher 
temperatures, particularly when fired to cones 14 an(f 16. The 
value of the work is enhanced by the author’s method of illusti*ating 
his conclusions graphically. His charts show' that the deformation 
eutectic axis commences at a cqmposition of approximately 20% 
clay, 10% flint, and 70% fluxes, and lies between the high “ gloss ” 
axis and partially within the actual crazing area. Previous experi- 
menters had reported glazes which crazed when over-fired, and it 
is interesting to find additional confirmation of this in the paper 
under rcvicw^ 

A writer*'*'® reports the possibility of using bog iron ore as a glaze 
for roofing tiles, and further suggests that, with slight modifications, 
the material can be used as an engobe for facing bricks a*nd terra - 
cotta. . • 

A. Bigot calls attention to a peculiar defect^ occasionally met 
with in once-fired coarse pottery. Under certain conditions the 
glazed surface appears to be dull and immature. He indicates 
that, wheh this occurt?, the clay contains abnormal quantities 
of a dark material which has a distinctly •sulphurous odour ; 
he assumes that the trouble is due to the presence of basic sul- 
phates, formed by the reaction between the sulphurous fumes 
given off by combustion of the dark material and the basic oxides 
in the glaze. He^argues that if this w(^re the case, the carbonaceous 
and sulphurous matter must be burned outsat temperatures below 
that at which reaction with the glaze constituents could take place. 
By a critical study of the time-temperature curves he found that 

2* Ibid., 1921, 4, 718 ; J., 1921, 891a. 
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slower firing in the initial siJages invariably gave better results, 
thus showing that his original supposition was justified. 

S. Suzie has produced a bright red enamel by carefully 
heating to 700° 0. mixtures containing 80-90% of cadmium 
sulphide and 20-10% of selenium. ,^He suggests that a sulphide, 
which may be I’cpresentcd by the formula Cd 38082, is formed 
during the process. 

Earlier work by Koenig is referred to in a note on the application 
of the leucoBCope to pyrometry, by J. G. Priest, who describes 
an instrument which, he claims, is capable of measuring the intensity 
of colour, particularly the red series, and thus might be used as an 
optical pyrometer. The personal factor, however, already a 
drawback to certain optical pyrometers, is still present in an 
instrument such as that described. ^ 

It is generally ri'cognised that thorough mixing of the clay and 
grog is essential to the production of satisfactory saggars ; the 
method adopted by F. K. Pence'*-'* in the preyiaration of saggar 
mixtures is therefore woy^thy of an exhaustive trial. In this process 
the required amounts of the two materials are weighed out in a dry 
condition, fed into a rotary mixer similar to those used for concrete, 
suitable quantities of water being added after mixing, and the whole 
mass then well pugged. It may hx‘Te be noted that W. K. Brownlee 
and A. F. Gorton condemn the use of this lype of mixer, since 
there is a tendency, in their opinion, for the materials to become 
separated by the rolling motion. 

G. 8imcoe has previously published several important papers 
on the production of saggars. His latest work®^ has been on a 
somewhat wider ])asis, inasmuch as it takes the form (?f a review 
of the saggar^siUi.dion in America. A very comprehensive ques- 
tionnaire* was Lssued to about thirty factories engaged in 
various kranehes of the ceramic industry, and the published data 
may therefore be^ said to be representative of modern American 
practice. A broad view of the subject has been taken, so that the 
personal factor is not strongly emphasised. The writer notes that 
a number of firms are introducing from 10*to 30% of carborundum 
in the saggar mirture. It is reported that increased tensile 
strength is obtained if a portion of the added water is replaced by a 
smaller quantity of sodium silicate. It is claimed that jaw crushing 
gives a better quality of grog than pan grinding, but it may be 
pointed out that the particular factory which furnished this infor- 
mation does not inclitde any fine grades in its saggar mixtures, 

^*1 J. Chem. Ind. Japan, 1921^ 24, 252 ; J„ 1921, 390a. 

J. Opt. Soc. Amer., 1920, 4, 448. 

»=* J. Amer. Ceram. Soc., 1921, 4, 459 ; J., 1921, 771a. 

=*« Ibid., 1921, 4, 97. 

“5 Ibid., 1921, 4. 393. 
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SO that the improvement may be due to increased output of the 
particular sizes required, ♦rather than to a^ay alteration in the shape 
of the grog particles. Rc-pugging is considered to be indispensable 
by the majority of the firms contributing to the review. Cast 
saggars are now in use, with, and without carborundum, and are 
apparently giving every satisfaction. A chart showing the relative 
costs of saggais containing carborundum as compared with the 
fireelay-grog type is instructive, for, assuming that the life of the 
former type is thi’ce times that of the latter, it indicates clearly 
that in America the carborundum saggar is decidedly the cheaper. 
Summarising, the author suggests that more information is needed 
before the data can be properly correlated. He is particularly desirous 
of securing more detailed statistics relating to carborundum, and 
points out that factor's other than the low coefficient of expansion 
must opei’ate. Simcoe considers that, in view of the increased 
capital outlay, greater attention will be paid to the mixing, making, 
and drying and firing processes, and thus some of the resulting 
benefits may not b(^ due solely to any inherent qualities of the 
mixture. It may be suggested, however, that (experiments 
with super-ref raclories appear to indicate that carborundum saggars 
would hav(‘ a, high mechanical strength and also be very rc'sistant 
to crushing strains at high temperatures. Economies in fuel 
consumption may also bee reasonably expected, considering the low 
specific heat and high thermal conductivity of this material. 

Reference is made to carborundum in B. J. Moore’s valuable 
contribution, “ Notes on Saggars.’’^*® This report is interesting, 
inasmuch as the author discards fireclay entirely, using china clay 
as the refractory material, amh ball clay as the binding medium, 
(Incidentally, it may be noted that M. K. Homung,®^ among others, 
has reported the use of similar clays for this purpose.) At tempera- 
tures approaching cone 9, Moore uses a mixture containing three 
parts of china clay to one of ball clay ; for lower temperatures a 
larger proportion of the binding clay is necessary. Various propor- 
tions of carborundum or fused quartz were mixed with the clay 
base, these materials tnus replacing the normal grog. The plant 
available for the preparation of the mixture was admittedly 
inefficient ; the author considers that better results could be 
obtained with correctly designed methods of preparation. Largo 
batches of both types were prepared, but owing to the slightly 
reducing action experienced in the tchina biscuit oven, together 
with the exceptionally high capital out la J on carborundum, his 
latest trials were limited to mixtures of fused quartz and clay. 
Sound saggars containing fused quarts, which had been fired twenty 
time« to cone 9, were exhibited by the author, while others, used to 

Tram. Ceram. Soc.^ 1920, 20, 93 ; J., 1921, 771a. 

J. Amer. Ceram. Soc.y 1920, 3, 69 ; J.. 1920, 369a. 
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cone 3 for 110 — 40 ilrings, weroi^n an equally good condition. Special 
attention was drawn t(» the general cleanlinijss and freedom from 
slag spots, which in oi;difiary practice are^liajile to contaminate the 
bedding material. A marked difference was noticed when the 
quartz saggars were struck with a hard object ; they gave a “ dead ” 
ring as comparAl with those of the fireclay -grog type, a characteristic 
which would be distrusted in general practice, but the author 
states that his best I'csults were obtained with siudi saggars. 

In the discussion which followed, it was stated by CJ. Bailey 
and H. E. Wood that the results of their experience were not in 
accordance with those obtained by Moore ; they considcired that 
carborundum was superior to fused quartz, since their saggars 
containing the latter material became brittle, and had to be dis- 
carded after comparatively few firings. LatiT, it was argued that 
this physical change was due to inversions i* the quartz, and that 
the results were; analogous to those report(‘d by various workers 
on the deterioration of quartz pyrometer tubes. When further 
data become available, it may perhaps be possible to discover 
th(^ cause* of the disciTfancies in the two points of view ; in any 
case, the author is to be congratulate<i upon awakening interest 
in a subject of great importance. 

Ck)ming to enamelling, mention fnust be made of a reading list 
with refei’cnce to vitreous enamelling on iron and steel, comj)iled 
by C. J. West.^"** This list should b(^ of great service bibliographi- 
cally. 

An account of a new spraying method has made its appearance,^® 
which, if successful, wdll mark a great advance in enamelling pro- 
cesses. In this system, which appears to be a modificaj^ion of the 
“ Schoop,” the powdered enamcf is drawn from a container by 
means of dry eomj>ressed air or oxygen. The pabuit sprayer has 
two jetstone of which conveys the powder, the other combustible 
gases, such as hydrogen, acetylene, coal-gas, eWc. The enamel is 
fused direcdly f)n*to the medal, the intermediate ground coat being 
dispensed* with. It is claimed that enamelled surfaces prepared 
by this process possess greater elasticity .than those produced in 
the ordinary way. 

B. T. Sw^eeley reports the results of his work on arsenic enamels 
for cojqjer. The object of the research was to produce an enamelled 
surface similar to watch dials, but in a thicker flayer. The author 
states that, when the wet slushing method lyis to be used, a 
lead-free ground coaj is ilidispensable, since lead enamels will 
attack copper. In all his experiments the dry dusting process 
was adopted. Using base enamels corresponding to the formula: — 

Ibid,, 1921, 4, 47. 

Spreclisaal, 1921, 54, 49y. 

J. Amer. Varum. Soc., 1921, 4, 350 ; J., 1921, 611 a. 
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0*40K20, O lONaaO, 0-5()PbO, 010 ALO,, O iSBA, 1 *80-2-20 
Si 02 , it was found that the trials fractured with each additional 
increment of Si02. Other series were tvied, in which BgOg was 
the variable factor. When present in* molecular pi'oportions 
greater than 0*2 this compound produces matt surfaces. By 
decreasing the PbO and increasing the KoO content, thc^ opacity 
was lowered and the enamel became completely soluble in water. 
There is need for further reliable data relating to enamels containing 
arsenic or bismuth, since for certain purposes they possess very 
desirable qualities, but owing to defects occurring during their 
manufacture, and, in the case of bismuth, arising whilst in use, 
their field is limited. 

Fish scaling, a defect common to enamelled ware, has 
been the subject of a research by R. R. Danielson and 
W. H. Souder.^i They studied the elTcct of the various fluxes 
used in commercial (-namels, and state that cryolite and soda are 
superior to fluorspar, whilst boric acid givi^s a poor result. Recog- 
nising that the composition of an enaracd may be only of s(‘condary 
importance, the authors (extended their ill vest igations t.) a study 
of the relative coefficient of expansion of the stock and enamels, 
and the presence of strains etc., in the metals used. Tliey state 
that mechanical treatment of tlie stock, followed by carojful aimcal- 
ing, will cur(^ the defect. This contribution is a valuable one, the 
investigations covered a wide field, and the data are carefully 
tabulated. The facts emphasised afo that, though the effect 
of coefficient of expansion is important, other factors, e.g., elasticity 
and tensile strength of enamel, presence of strains between stock 
and enamel, are to be taken into account. It is interesting to note 
the analogies in their methods and conclusions with those of 
ceramists who have studied the causes of crazing and peeling of 
pottery glazes. 

The relation of composition of enamels to solubility in acids is 
dealt with by H. F. Staley.*- He does not consider that 
the alteration in weight of an enamel after immersion ir acid, is a 
criterion of its relative solubility, since in some cases an enamel 
may take up radicles from the acid, and increase in weight, though 
actually it has undergone disintegration. I’he 'author states that 
compounds vary considerably in their behaviour as regards giving to 
an enamel acid-resisting properties, and arranges them in the 
following order of effectiveness : — ^AlgOg, NagAlFg (cryolite), NagO, 
PbO, BaO. The effect of Zr02 and TiC 2 when substituted for small 
amounts of SiO^ was investigated ; ZrOa was found to be the more 
effective, but this improvement in acid-resisting property is offset 
by a tendency to produce excessive chipping and scaling. 

« im., 1921, 4, 020 ; J., 1921 891a. 

« Ihid., 1021, 4, 703 ; J. 1921, 892a. 
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Zirconia is receiving close sMention by enamellers interested in 
opacifiers other than tin oxide. In sQveral instances brought 
to the writer’s notice ’base enamels similar •to those found to be 
satisfactory when tin oAide is introduced have b(H5n used. This 
procedure is, in^any cases, unsound, since modifications will have 
to be made if the maximum opacity cftid whiteness is to be obtained 
from a minimum amount of zirconia. 

Building Materials. 

The general properties of a large number of early English mortars 
of the Roman period have been investigated by W. J. Dibdin.^® 
He found that the ancient mortars liavc a higher percentage of lime 
and larger-sized aggregates than the modern types. This report 
is more interesting than informative. 

H. H. Sasche reports the preparation* of a new anhydrite 
mortar ; he claims that with fine grinding a very hard, cementy 
material is produced, particularly when 1-3% of lime or Portland 
cement is added. 

In iireparing a plastic gypsum plaster, according to W. E. 
Emley the grinding is carried out without the evolution of water. 
This method is said to give a compound which sets harder than 
ordinary gypsum. The plasticity nf the product depends upon 
the duration and siieed of gi-inding, the best results being obtained 
when the material leaves the mill with a watei content of 6*2%. 
T. W. C.^appon,'*® in a criticism of Emley’s work, points out that the 
effects of fine grimling were afieady well-known and understood ; 
and he makes reference to a previous paper by himself on the same 
subject. Grinding, after calcination, he says, is stricljy limited 
by economical factors. He considers that “ mass action ” is 
enhanced^ by Ane grinding. Furthermore, he asserts that though 
water is ground out by excessively fine grinding, the 6'2% of 
water, mentioned by Emley, is not necessarily tlfb result of special 
grinding, but is aifigure depending on the degree of calcination. 

A suggesition is put forward by W. E. Emley and C. F. Faxon " 
for the preparation of a coloured wall plaster. Wood fibre, soaked 
in aniline dyes, is incorporated with a gypsum plaster, which is 
then applied in the usual way. The setting can be retarded by the 
addition of lime and clay. 

A new “ wet ” process for the preparation o| lime is indicated 
by N. C. Rockwood.*** In the presence of 'vater yapour, limestone 
dissociates at a lower J^emperature than it does in a dry atmos- 

Trans. Faraday Soc., 1921, 17. 

Tonind. Zeit., 1920, 44, 1017. 

** Chem. and Met. Eng., 1921,* 24, 740 ; J., 1921, 849a.* 

Rock Products, 1921, 24, 19, 49. 

U.S. Bureau of Standards^, Tech. Paper 181. 

«« Rock Products, 1921, 24, 19. 
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phero. Sioani c()inl)iTi(\s with carboA dioxide to form Iiot carbonic 
acid, which raj)idly (Jisintegi-ati's the stonc^ and calcium bicarbonate 
is produced, whic}i has a greater volume tlyin the underlying stone; 
cons(^c[uently strains are s(^t up, sufficient to disintegrate the mass. 
Her/ield’s (‘xjieriments on the effect of superheated steam on lime 
burning are referred to. The fact that lime, burned with wood, 
hydrates very readily apjiears to be due to similar causes. Water- 
gas also acts in an analogous manner. It may be questioned, 
however, whether calcium bicarbonate would bt^ present for a 
sufficiently lengtliy period to act as suggested. 

Attention is drawn by the U.S. Bureau of 8tandards to tlie 
corrosive (ffiect of cement retarders (iontaining chlorine compounds, 
e.gr., calcium chloride, on st(‘.el or galvanised reinforci'ments. Labora- 
tory experiments conducted by the National Lime Association 
emphasise the fact ( 2 )reviously notinl as the lesult of field trials) that 
an addition of 5% of hydrated lime to motrar and concrcite mixes 
prevents the (corrosion of the metallic reinforcements. 

Laboratory tests carried out by R. Grim })rovt‘ that when 
alkaline c;oncretes are worked sufficitmtly to ickIucc ])(»rosity to a 
minimum the liability to rusting of the steel rcinlorcements is 
considerably diminished. The, author observes that tlH‘ reinforce- 
ments remain unaffected in concrete compounded from slag emncnt, 
Portland and iron-'Portland cement. 

The effect of storage on the proi)erties of' cements has been 
studied by B. A. Abrams. A number of concrete (;oments were 
stored under varying conditions — in the open and under cover- — 
for certain periods. Compression tests showed that cx 2 )osure 
under an ’open shed had a very' marked influenf^(‘ ; after one year 
the material had retained only 61 of its orighial strength, this 
being reduced to 40yo after exposure for a furthei* twclv(^ months. 

P. H. Bates and R. N. Young have given their attention to 
plastic magnesia cements. They covered the , whole field rather 
exhaustively and collected a mass of data, many of whicji, however, 
are inconclusive. The material used, which w^as the crystalline 
magnesite from Washington, was sieved into three grades before 
calcination, each grade being used separately.'’ Whilst the differ- 
ences between the results of the tests for the various grades were 
not great, the finest material, through a 60’s lawn, gave 
slightly better results than the coarser sizes. The authors state 
that great economies in the use of mt/gnesium cements, calcined at 
low temperatures, may be effected by using the more highly- 
concentrated solutions of magnesium chloride ; increased quantities 

« 

Cement aiid Eng. News^ 1921 , 33 , 21 . 
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of a weaker solution will nof lead to the same result, thus ea(;h 
material should be tested with various strengths of solution above 
and below the usual 28°^^, if the best result^ are to be obtained. 

Discussing tentative tests of oxychloride cements, M. Y. Seaton®^ 
suggests that oiiangc in volume, time of sidting, and permanence 
are of greater importance than compression or tensile strength 
determinations. With regard to the action of lime on magnesium 
oxychloride (lements, the same writer,*''^ in conjunction with 0. R. 
Hill and L. Stc^wart, desc^ribes a method of determining the 
amount of hai mful or “ active ” lime in the compounds used. 
They cjonclude, however, that, at pr(;s(Mit, physical tests of oxy- 
chlorides ctunents are th(‘ only safe, t riteria of cpiality. With regard 
to the action of tannic acid on concrete, D. A. Abrams'’''* has stated 
that this com])ound reduc(\s th(‘. tensile strength, the (‘fleet being 
ATiry mark(‘d on k^arj concrete with large aggregat(‘S. It was noted, 
how(‘V(ir', that the de(ir(*as(^ was not so marked in tlu? spc'cimens 
that, had b(‘on stored from one to two years. 

Tlie clTc'ct of hydrate^ lime and other i)owdered admixtures in 
coiK'rcte has be(‘n studied in some, detail by T). A. Abrams. His 
cliief (jonclusions are that: the addition of hydrah^d lime to concrete 
reduces the compressive strength t(i an extent almost pi’oportional 
to th(‘ amount added ; for the usgal concrete mixtures the average 
reduction in strength is 0*51)% for each \ % of hydrated lime added, 
whilst under the same conditions the addition of 1% of cement 
iner(‘ases the strength of th(‘ concrete by about I % ; with a constant 
(quantity of mixing water in 1 : 4 and 1 : 5 mixes, hydrated lime 
shows an increase in strengtli of 04)1% for each 1% added, as 
(compared with 2-37% for each 1 %,of Portland cement ; •and under 
identical ccmdi^i(; tlK‘ addition of either hydrated lime or Portland 
c(‘ment if[) to 33 produces essentially the same effect on the 
flow ” »f concrete. 

A ferriferous i^glome.rant, capabh^ of replacing either iron- 
Portland or ordinary Portland cement, is described by F. Ferrari.” 
Impure limestone, clay, sand, and ferric oxide — the latter obtained 
by burning pyrites — are employed to pr(Tdu(;e a cement that is 
said to be stable t wards chlorides and sulphates, and to contain 
a nigh percentage (ff hydraulites. If the high basicity of the 
cement be modified by the addition of puzzuolanic substances, the 
resultant produeh is absolutely impermeable aiftl possesses a high 
mechanical stremgth as competed with ordinary Ft)rtland cement. 

” Chvm. and MH. Entj., 1921, 25, 2.‘13 ; J., 1921, G59a. 
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Ferro-concrete is proposed as a suitable material for the construc- 
tion of by-product coke-oven plants,^® particularly in the construc- 
tion of washeries, coal bunkers, and foundations to the benches. 
It might also bo employed as a foundation for the sulphate-house 
floor, if covered with acid-resisting tiles. The nmatcrial would 
undoubtedly be less liable to the corrosive action of gases etc., 
but here, as in the case of all largo buildings constructed of this 
material, it is important to see that the structure is well designed 
in the first place, since subsequent alterations are extremely difficult 
to carry out. 

J. E. Pearson,^® in his study of the cracking of stucco, has supplied 
much- needed data concerning the effiict of n on-porous forms on 
the setting and surface shrinkage of concrete. Careful observations 
were made on concrete mixes run into (a) voodon forms, 
and (h) plaster of Paris forms. It was found that the resulting 
partial absorption of moisture from the mixtures in the latter type 
reduced the contraction very considerably, thus avoiding the 
production of map-crazing in stucco work. 

Interesting data relating to street-paving with sand-lime bricks 
are reported by H. Jolig.®® A careful examinatiou of bricks 
that had been used in a road subjected to abnormally heavy 
vehicular traffic for ten years^ showed that they were still in 
excellent condition^ and had only worn down to the extent of 
10-20 mm. 

According to E. C. Blanc and K. Gerson,®’ artificial stone blocks 
are made from bauxite or residues from the manufacture of 
aluminium, together with fat or hydraulic lime, by methods similar 
to those elnployed in the manufacture of sand-lime bricks. Another 
method for the production of building blocks,* suggested by A. 
Wilkinson,®® consists in lining the moulds with a granulaf material, 
such as sand, in which the hard objects (pieces of stone, slag, brick, 
etc.) arc partly embedded before the binder is ryn in. 

For the manufacture of light plaster of Paris bricks, ordinary 
gypsum is used as a binder with the addition of coal ash, sawdust, 
pumice, sand, etc., the proportions depending upon the quality of 
the materials. Satisfactory bricks were i)rodi#ced by using 1 part 
of plaster, 3 parts of ash, and 1*5 parts of water. The crushing 
strength of the finished article is stated to be 30 kg. per sq. cm. 

Considerable syms of money have been expended during the last 
decade on experiments designed to utflise tl^e spent product remain- 

•’* (ras World, Aug. 6, 1921, Coking SexL, 14. 

Cement and Eng. News, 1921, 33> 37. 

Tmind. ^jeit., i920, 44, 703. 
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ing from the distillation of the Scottish oil shales. According to a 
report,®* the problem hajf now been solved satisfactorily. By slight 
modifications of the *s^nd-lime brick process first-class building 
briclts are being produced. Special attention is given to the 
securing of perfect homogeneity of tjie shale-lime mixture previous 
to making into bricks. This departure is of great importance, since 
huge supplies of raw materials are available in positions eminently 
suitable for economical layout and cheap transport facilities. 

With the object of saving fuel, much attention has been given 
on the Continent to the possibility of utilising unfired bricks for 
building purposes.®*^ Raw bricks have been tested for resistance 
to compression, and it was found that machine-made bricks resist 
crushing strains much better than the hand-made variety. 

The use of silica in wood fillers is reported by F. A. Ingall.®® 
1^he form of silica which is said to be an idt^al material for this 
purpose is quartz ; it is free from colour, inert, and shows no 
tendency to react with other constituents. Its refractive index 
is near to that of pai»t vehicles, whilst its crystalline condition 
gives it a small specific surface when powdered. 

A “ cold ” glaze for surfaces such as concrete, stone, brickwork, 
(^tc. is reported.®’ The patentee claims that inferior surfaces may 
be sprayed with the mixtun*. in order to give them an impervious 
coat, and that the glaze can be produced in any desired tint. If 
the claims made by the patentee are sound, the process would 
appear to offer great j)ossibilities. 

8. Miall contributes an interesting report on occupational 
diseases. Medical testimony supports the view thi^t habitual 
headaches, Iddnev trouble, and gout may be caused by the inhalation 
turpqntkie \’^‘ipours, and the author states that many cases 
tliagnosed as lead poisoning are really due to this cause. The dust 
usually produced when rubbing down old painted surfaces may be 
ol)viate(l if the abrasive pad is moistened with a mineral oil. Atten- 
tion is Gftlled to the modern lead substitutes, such as titanium, 
antimony, etc. It is pointed out that tl^eir toxic effects will be 
almost as injurious as those of the lead compounds they are intended 
to replace. 


Ceramic Firing Technique. 

As is pointed out on ji. 228, much attention nns been devoted 
during the past year to firing methods in the ceramic industry, 

British Cla if worker, i921,«30i 224. 

Rev. Mat. (Umstr. Trav. Pith., 1921, 136, 12b (March 12). 
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and to fuel economy generally. It*is therefore deemed advisable 
to devote a special fub-section to this, subject, embracing the 
firing of all kinds of clay products, including refractories. 

In his Presidential address to the Refractory Materials Section 
of the Ceramic Society, Lt.-Cok C. W. Thomas dra\^ special atten- 
tion to the importance of industrial research, including, among 
other things, the need for a careful study of the economic application 
of fuel and of the closely-related question of the most efficient 
design for kilns and furnaces. 

A problem of some difficulty, which still awaits complete solution, 
viz., the mechani(;al handling of bricks during the sotting and 
drawing operations, has been tackled with some su(;(;ess by R. C. 
Penfield.®" The machine which he describes is used in connexion 
with a sc^ove kiln. Prom 750 to 1000 bricks are pla(!ed at one 
operation ; the uniform spacing achieved assists in attaining a 
successful burn. Drawing is effected by the sanu' machine, the 
bricks being picked up in the same order and ])laced on triu^ks. 
The greatest drawback attending the urn of scovt‘. kil/is, is the 
excessive labour costs, and in this connexion the iiiv(;ntion is 
undoubt(‘dly an important one, but it would appear to be applicable 
only to very large kilns. 

In a detailed report W. W. IXckinson^® descri})es a scove kiln 
which p(jssesses unusual features. The kiln is situated in a large 
shed, into which is fitted a powerful travelling 'crane. Two brick 
walls or necks are built uji, vitrifiablo cement being used between 
each course, so that a monolithic structure results after the first 
firing. Green bricks are built up in the usual manner (but without 
casing), the fired walls being then removed en bloc into position, 
ready for the firing operation. When this is corfi])leted, they are 
transported by the crane and placed into jiosition elsewhere, ready 
for the firing of another section. This system must refiresent a 
considerable saving in labour and fuel, whilst the hum will be more 
uniform, since cold air leakages will be considerably rccjuced. 

In another contribution to the subject of scove kilns, T. H. 
Lambert’^ deals with tfie “Chicago method” of burning bricks. 
In this process, a portion of the fuel is incorpbrated in the clay 
mixture, and the bricks are set into position by the Pcnfield machine. 
Air, and oil atomised by steam, are blown into the “ live ” holes 
until “ settle ” commences — ^this usually after 18 hours. At this 
point a temperature of 1900° F. is reached at seven courses, 480° F. 
at 21 courses, and 210° F. at 42 courses from the base. The oil 
is then shut off, only air and steam being injected for the next 
26 hours. At ^he expiration of this time the temperatures are 
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550°, 1380°, and 1750° F., respectively. For the final six hours 
air alone is blown in, anej when the kiln is finished the respective 
temperatures arc usually 400°, 1100°, anJ 2000° F. Excellent 
diagrams accomx)any the paper, and from these, time-temperature 
and distance- tenperature charts can be readily constructed. If 
Kentish clays are amenabk^ to such treatment it ought to be possible, 
by a combination of the foregoing jirocesses, to abolish some of the 
antiquated and wasteful (qierations at present in vogue for the 
production of London stock bricks. It is, indeed, remarkable how 
th(‘sc out-of-date methods still jiersist in Britain, despik^ the 
wealth of reliable information available concerning the sjiecialised 
mass-])roduction of common bricks in other countries. 

In connexion w ith the avoidance of unnecessary heat losses, one 
writer’- notes that it is importjint for exjiosiid kiln crowns to be 
r(‘ndcred thoroughly waterjiroof. Layers of (dndi^rs, grog, clay, 
and, finally, asbestos sheets should be aiiplied to the crown, to 
server the double ]nnpose of pr(‘venting ingress of water, and 
at the same time, (‘xc^sive radiation losses during the firing 
oiieration. 

In a symposium on gas-firing conducted by the Ceramic Society, 
(^ W. Spiers’'^ gave sonui interesting, details of his experience with 
an intermittent kiln encased in ferro-concrete. He claimed that 
considerable ecujnomy in fuel is efTect-c‘d by the ])revention of air 
leakages in such structunss. A. Bigot had already advocated a 
similar jirocedure for continuous tunnel kihis. 

A(;(^ording to a rejiort by K. Rieke,’^ twenty-six firms in Germany 
are utilising waste heat from the cooling ovens in thtdr making and 
drying operations. It should be noted that in jiracticalfy all new 
continuous oyeihs, arrangements are made to use waste heat in a 
similar manner. 

The caiTital outlay involved in the erection of •large continuous 
ovens has led to extensive research on the j^ossibilities of grouping 
existing ])ej’iodic kilns, so as to enable them to be worked in a 
semi-continuous mann(‘r. nie design of ceramic works, however, 
does not usually alh>w even a limited grouping to be effected 
economically, but '.a'.veral promising methods are indicated in 
recent j)atent literature. 

In intermittent ovens little attention is paid to the question of 
the transfer of lieat, since in the relatively latge heated spaces 
filled with ware it is difficuK te decide whether conouction, radiation, 
or convection is the n*ost important factor. But in the case of 
certain continuous firing systems, e.j/., the Dressier, it is claimed 

Bev. Mat. CanMr. Trav. Pah., 1921, 136 , 12b. 

Trans. Ceram. Soc., 1921, 20 , 3U. 

Ibid., 1919, 18 , 285. 

Ber. dents, keram, Ges., 1920, 1, 3G. 
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that the heating is effected mainly by convection currents, so that 
the research reported b> A. H. Davis’® ir^. this connexion should be 
of considerable value. He shows conclusively that a direct relation 
exists between the geometrical form of the surface of a heated 
object and the convection currents set up. 

C. B. Harrop” publishes data relating to two direct-fired con- 
tinuous tunnel ovens, one of which is firing biscuit to cone 10 and 
the other glost to cone 6. They arc placed end to end in one shed, 
the total length of the two kilns being approximately 200 yards. 
Relatively small mouths with specially dt^signed coking tables are 
used, the average thickness of the fuel bed being 15 in. The tunnel 
proper is wider at the base than at the top ; this construction is con- 
sidered to (‘qualise the temperature inside the tunnel. Hydraulic 
power is used to move the trucks. The value of Harrop’s contribution 
is enliam^ed by the fact that it enables a comi)arison to be made 
between direct and gas-firing as applied to mod(‘ni tunnel kilns. 
His data concerning the power required to move the trucks will, 
no doubt, be appreciated by kihi designers. , 

Despite tlie rapid advance in the application of gaseous firing 
systems to the ceramic industry, many problems still remain 
unsolved. It is true that certain kiln designers and experts have 
publicly stated that any type of clay product can be successfully 
dealt with. Other technical experts, however, recognise the 
limitations of the newer systems. 

Many interesting points were raised at the meetings of the Smoke 
and Noxious Vapours Commission at Stoke-on-Trent. B. Moore’® 
admitted in his evidence before the Commission that, in certain 
branches' of ceramics, gaseous fired ovens and kilns were giving 
great satisfaction, but he stated that, up to the present, extended 
trials in gas firing had not proved successful in the production of 
bone china ; a further statement that, in specified firing operations, 
a certain amount of “ necessary ” smoke was^^ produced, appears 
to have perturbed the members of the Commission, but there can 
be no doubt that, in the production of certain goods, t\ie necessity 
of a deposition of solid carbon within the pores of the ware can 
scarcely be disputed. Moore's observations »>are valuable, since 
many ceramists and kiln designers, though well aware of the fact 
that, for certain goods, a reducing atmosphere is necessary during 
certain stages of the firing operations, do not differentiate between 
an atmosphere deficient in oxygen, ^nd one in which the reducing 
conditions are mainly due to the prcscnc?e of solid carbonaceous 
matter, (k Bailey’* intimated that a sub-committee had been 


"« Phil. Ma^., 1920, 40, 092. 

•f’ ,7. Armr. Ceram. Soe., 1921, 4, 672. 
Potte^ry Gazette, 1921, 46, 93. 

Ih%d., 1921, 46, 96. 



251 


CERAMICS AND BUILDING MATERIALS. 

• 

appointed by the British* Pottery Manufacturers’ Feder- 
ation to make an exten^led and scientific investigation into the 
merits (or otherwise) of ^continuous gas-fired ovens and kilns, and 
that eminent gas experts who had gained experience of gaseous 
systems in oth** industries had beey co-opted on the committee. 
Bailey rightly appreciates the difficulties'confronting the Commission, 
particularly as regards the application of gas firing to the smaller 
manufactories, whose present output does not exceed two biscuit 
and two glost ovens (or oven less) per week. 

In his introduction to the symposium on gas-firing previously 
referred to, E. W. Smith discusses at length the suitability of various 
industrial gases for the ceramic industry, and emphasises the 
necessity of a regular supply at uniform pressure, specific gravity, 
and calorific value. He considers that the economical application 
of town gas is limited to a few specific cases, though the adoption of 
surface combustion principles would probably widen its scope. 
Smith claims that producer gas is eminently suitable for ceramic pur- 
poses ; its relatives cost }jer thermal unit is lower than that of either 
l)luo- water gas or town gas. He also mentions that, in choosing a 
fuel for a producer, it is advisable to work with one type only, rather 
than with a mixture, though in sev(;ral instances the present writer 
has noted better results from a ccynbination of 90% coke and 10% 
bituminous coal than from coke alone. 

E. M. Myers^i is of the opinion that blast-furnace and coke-oven 
gases, particularly the latter, will become of great industrial impor- 
tance, apart from their use in metallurgical operations, and will 
eventually be available for distribution in bulk in certain areas. 

In view of the rapid strides the various gas-firiri^ systems 
are making^ l#ie exhaustive summary of the causes of thermal 
losses in gas producers by N. E. Ram bush is a welcome contribution 
to our kribwledge of the subject. He attempts to correlate labora- 
tory results witlj works practice, and puts forward simplified 
calculations for estimating the thermal efficiency. His data, 
showing the relationship between the thickness of the fuel bed, 
the rate of combustiv)n, and the temperature of the issuing gases, 
are distinctly usefnl. The paper is of great interest and value to 
technical men. 

The advantages and disadvantages of the application of producer 
gas to periodic muffle kilns are discussed in lengthy paper by 
F. B. Ortmann.*’^' On the bisis of his observations, he states that 
there is little or no fuc5 economy to be gained by the substitution of 
gas for solid fuid. During his remarks on the working of a coal-fired 
• 

Trans. Ceram. Soc.y 1921, 20, 20. 

Ihid., 1921, 20, 24. 

«- J., 1921, 129t. 

J. Armr. Ceram. Soc., 1921, 4, 669. 
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continuous chamber oven, C. W. Thomas quoted fuel costs which 
are comparable to modern gas-fired kilns. His figures, in fact, arc 
lower than those for ‘many gas-fired installations producing similar 
refractory goods. Ho indicates, howcwer, that the advantages 
of the centralisation of the fuel supj)ly in lowering labour costs, and 
ensuring additional cleanliness, together with the eas(i of control, 
are such that the introduction of the gas-fired system would repay 
th(i extra capital outlay involved. 

C. J. Hudson"^ lias studied the thermal ('fiicieney of a Dressier 
kiln, burning natural gases, used for firing glasshouse refractories. 
In general, the constructional details u(T(^ similar to those of other 
Dressier ovens, but special arrangements had be(‘n made to enabk^ 
accurate temperature measurements to be taJeai, no less than 
17 ])yrometers havjng been instalkHl for this jiurjiosi*. (Voss- 
sectional heat distribution was largely govcTiied by the method of 
placing the goods on the trucks. The latter oeeuiiy (‘ight days in 
passing through the kiln, the refractoru^s varying in weight 
from a few^ jiounds up to a ton. Tor sin^ilar ])iec(‘s a iijinimum of 
21 days would bci required in an intermittent kiln. If, in a large 
periodic kiln, the rise in temperature in the portion adjacent to the 
firing boxes is such as not to injure the goods in the immediate 
vicinity, then the firing rate in the int<‘rior of the kiln will necessarily 
be very slow. When dealing with relatively large units at non- 
uniform temperatures, the firing operations are conducted with 
extreme caution to get satisfactory results. Th(^ paper is worthy 
of study, in sfoite of the mass of data on Dressier kilns already 
published. 

J. H. * Marlow^ has patented another modification of his 

gas-fired tunnel kiln. According to the details giviai of the 

graduated burner, a better heating gradient should beVditaintid. 
The patentee claims that the kiln has been fired to and 

that such elevated temperatures are w^ell within its range. It 

should be noted that the only published data referring to runs over 
a reasonably long period relate to the firing of goods requiring 
much lower temperatufes. 

According to E. P. Benjamin,®’ a tunmd (Vven is constructed 
with external combustion chambers Containing chequered brick- 
work, hot blast stoves with the necessary reversing valves being also 
incorporated in tjie system. This patent appears to be an inter- 
esting apjilication to ceramic praettee of, firing systems usually 
associated with metallurgical operations. 

Tram, dvritm. Soc., 1921, 20, 34. 

J. Amer. (Jarani. Sor., 1921, 4, 751. 

«« E.P. 365,190; J., 1921, S2a. 

8’ E.P. 140,578 ; J., 1920, 356a. 
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C. H. Zwcrmanii’s plant ”*** consists of adjacent twin tunnels 
operating in opposite directions. Part of thc^ heat is withdrawn 
from the cooling zone t)f one tunnel and pa?5S(^d into the heating 
zone of the other. The l!)urners are situated near the roof of the 
tunnel, the hot ^ises being drawn into flues arranged in the bottom 
of the tunnel structure. * 

H. Barkby describes a “ Paugeron ” kiln that is working 
successfully in (.zecho-Slovakia for th(5 production of hard porcelain. 
In general the construction is similar to that of the original types, 
but modifications have been introduced with the object of ensuring 
tlie reversal of tli(‘ flow of gases through the systein tlu^ character- 
istic features of all true Paugeron kilns. 

During 1!)21 s(^v(‘ral tunnel ovens distinct from the Dressier type 
have beiui put into operation for tlu^ firing of porcelain, whiteware, 
ston(^wa^e, tiles, etc., and though there are no data published 
there is no doubt that in most cases they are worldng satisfac- 
torily. A pleasing feature in eonn(‘xion with tunnel ovens is the 
readiness with vhich the^intercvsti^d parties will furnish any desired 
information relating to constructional d(dails, working costs, etc. ; 
this proeedun^ will naturally lead to increased favour and confidence 
in the tunnel systcmis. 

For a considerable number of yt^ars the “ Dunnachie ” gas-fired 
cliambcT oven has been used successfully for firing refractory goods, 
and J. Dunnachie claims that the most c()mj)lete combustion may 
be expected from kilns in v liieli tlu^ combustible gases and secondary 
air arci fed directly among the goods, the chamber itself a(!ting as a 
combustion chamber, tlius ensuring maximum fuel economy without 
loss of space due to flash walls etc. 

Summarising^ ] is experience with gas-fired chamber ovens, 
Richmond Mates that the use of “perforated candles ” is an ideal 
method oi getting uniform distribution of temperature. 

Of recent years ^consid(‘rablc attention has been devoted to the 
evolution of gas-fired chamber ovens for the production of general 
whiteware, enamelled fire-clay, glazed bricks, and sanitary goods. 
Tli(.‘ underlying princijilcs of the construction of such chamber 
ovens already erected are similar to those used in the refrac- 
tories and face brick industry, with, of course, the modifications 
found to be necessary to meet specific conditions. A number of the 
“Shaw” and “Thompson” ovens are now infuse, whilst others 
designed by expert ceramic engineers are nearing completion. It 
is to be desired that sifthcient data relating to these latest types of 
chamber ovens may soon be available ; their efficiency can then be 

«« E.P. 140,740 ; cf. J., 1919, 03«a. 

8" PoUert/ OazeMe, 1922, 47, 77. 

Tranti. Ceram. Soc., 1921, *20, 27. 

Ihid., 1921, 20, 30. 
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compared with the tunnel ovens now used for the firing of similar 
goods. 

One of the chief drawbacks to the mbre rapid introduction of 
continuous kilns on existing works is the 'lack of ground space. A 
report *** on a vertical oil-fired continuous oven ^is, therefore, of 
interest. According to the wiiter, bricks can be passc^d through the 
kiln in 14 hours, but the actual date published do not warrant 
definite conclusions. A vortical gas-fired continuous kiln, suitable 
for whiteware products, is described by K. F. Chaudierc.*'^ An 
oven has been built for experimental and demonstration purposes ; 
the results of the working of this system will be awaited with keen 
interest, particularly by the smaller manufacturing concerns. It 
may be noted, however, that the mechanical difficulties associated 
with ovens or kilns of this type are likely to be greater than those 
met with in horizontal tunnels. 

Further progress lias been made in the application of ])owdered 
fuel to various burning processes, notably in rotary ciunent clinker 
kilns. The experiments described recently®^ will be followed 
wdth interest by brick manufacturers, sine'e it is claimed* that, by a 
modification of the plant therem descTibed, the irregular hea ting and 
local slagging of bricks experienced in the initial (‘xporiimnts will 
be obviated. 

Colloidal fuel, mainly an emulsion of heavy mineral oils and finely- 
divided coal, is being tested on a commercial scale for the firing of 
refractories. The results will be awaited with interest. 

The account of a twin tunnel oven designed to burn fuel oil, given 
by P. J. Woolf,®® will, no doubt, receive the close attention of 
ceramists* The author, how^ever, admitted, during the discussion, 
that, up to the present, the kiln had only been fired by town gas. 
In one respect this is advantageous, for it has been suggested that 
town gas may be economically employed in modem kilns, so that, 
if the running co^s of gas and fuel oil on the same kiln are published, 
direct comparison will be possible. Even in cuses where fuel oil 
has to be imported, its use wall doubtless become popular in certain 
branches of the ceramjp industry, e.gr., in fritt kilns etc. 

A number of gas furnaces embodying surface combustion princi- 
ples have been patented during late years, and from the available 
information (in most cases published by the furnace builders) 
it would appear that their application to specified industrial firing 
operations has been a success. Very high fuel economies are 
claimed for the system ; theoretically, <if course, these results 
are to be expected. It is to be noted, however, that the system 

Anon., jBncfc and Clay Bee., 1921, 58, 391. 

»» E.P. 137,168 ; J., 1920, 179a. 

** Brick and Clay Bee., 1921, 59, 686. 

Pottery Gazette, 1921, 46, 1646. 
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applied to other industrial heaMng operations has not fulfilled the 
earlier promises. ^ 

In certain areas for. (‘fconomic reasons wood fuel is used in 
preference to coal for thft firing of ceramic goods. It is natural, 
therefore, that ^ince wood has been gasified and the resulting 
gases successfully used in other industries, the possibilities of 
applying similar principles to pottery firing are being explored. 

In a discussion on gas producers with wood fuel, P. de Groote®® 
claims that ceramic products can be successfully fir(‘d by means 
of gas generated from wood, and that the results are at least equal 
to those obtained with gases gencTated from other fuel. 

The firing temperatures attainable with w ood have been investi- 
gated by H. Sachsc,"’ who discusses the theoretical considerations, 
particularly regarding the flame temperatures, after allowing for the 
elimination of the moisture in th(e wood. J1» is stated that the 
calorific value of green w^ood is 2160 cals., giving a theoretical flame 
temperature of 1500“ (/., which is reduced in ])ractice to 900° C/. 
Thus, it is argu(‘d, it would be impossible to attain to a sufficiently 
liigh ternpei.iture for glost*[)urj)oses (presumably for hard poi'celain). 

Abnormal conditions may render it necessary to use wood fuel 
temporarily, and, no doubt, many experiments were made during the 
w^ar ])eriod at isolated factori(^s far iVmoved from the coal areas. 
W. Lindl(‘y"“ reports the result of such a trial carried out at a 
pottery in Spain. In a Faugeron tunnel oven whicn was being fired 
with w^ood, the only structural alteration found to be necessary 
was an enlargement of the fire mouths. The quality of the goods 
was equal to that produced by coal filing, and, as was to be expected, 
the atmosphere in the tunnel w^as practically free from sulphurous 
fumes. It w^as also noted that the flues did not choke so readily. 
Lindh-y reporte, Tiow’cver, that the saggars were adversely allected, 
their length of service being considerably shorter than was the case 
when coal firing w^as in use. A similar defect w^as n5ted by A. S. W. 
Odclberg,®® who used two-thirds coal and one-third wood for the 
firing of intfrmittent ovens. With only this partial replacement 
the author states that the saggars were “ scor^ihed ” and the break- 
age percentage considerably increased. 

It was anticipated that electricity would become a serious com- 
petitor in certain industrial firing processes, where the temperatures 
are sufficiently low to permit the use of resister windings, and C. M. 
Mehling and J. W. Carpentier^®® now give details (if an enamelling 
furnace with an interna^ capacity of 80 cub. ft., operating on an 

Ceramique, 1921 , 24, 1 . 
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alternating threi^phasc current, \<hilst L. Barringer describes 
an improved form of niclironu^ ribbon rt‘sister furnace^' with a 
pre-heating ehambcf. The figures indie? t(^ that the output is 
increased by 50%, with simultaneous’ di'cn^ase in fuel costs 
of 50%. 

Ibid, 1921, 4, 4()1 ; J., 1921, 772a. 
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IRON ANT) STEEL. 

By J. H. Andrew, D.Sc. 

Professor of Metallurgy ^ Royal Technical College, Glasgow. 

The state of the iron and steel industry was regarded as being 
bad in 1920 ; in the past year it has been far worse — indeed, hardly 
in the memory of living man has any year seen the bad trade and 
unemployment that has so characterised 1921. 

In his presidential address to the West of Scotland Iron and Steel 
Institute, Mr. Andrew Gray gave the following figures relative to 
the production of pig iron and steel in the United Kingdom. The 
downward tendency of the total output is too evident to require 
comment : 

Production of fHg Iron in the United Kingdom. 

(In thousands of tons ) 


Month and year. 

Haematite. 

Baslj. 

Foundry, 

Forge. 

Total Includ- 
ing alloys 
and other 
qualities. 

1920 — September 

278-1 

251-0 

132-0 

48 3 

741-0 

October . . 

103-3 

, 162-8 

101-8 

4(i-68 

533-2 

November 

133 $ 

130-7 

73-8 

36-9 

403-2 

December 

237-1 

202-3- 

147 7 

58-6 

682-5 

1921 — January . 

199-2 

176-2 

165-5 

64-9 

642-1 

February 

171-8 

97-8 

127 0 

41-2 

463-6 

March 

132-0 

89-4 

110 3 

39 8 

386-0 

April 

16-1 

7-1 

25-5 

9 9 • 

60-3 

May 

2-8 

3-4 , 

6-9 

0-5 

13-6 

•Juno M 

; — 


. — 

— 

0-8 

July , 


3-3 

2-6 

0-6 

10-2 

August . . 

1 18-3 

36-3 

29-1 

8-5 

94-2 


• No analysis, hut made from two furnaw;?.* 

1920 monthly average, 667-3. 1919 monthly average, 61 7 0. 


•Production of Steel in the United Kingdom. 

(In thousands of tons.) 


Month and year. 

^ O.U. furnaces. 

Bessemer converter. 

All other 
ingots and 
castings. 

Total. 

Acid. 

Basic. 

Acid. 

Basic. 

1920 — September 

329 0 

463 3 

44-3 

35-8 

12-3 

884-7 

October . . 

206-9 

273-0 

34-5 

20-9 

0-0 

544-3 

November 

188 6 

250-7 

30-5 

25 

9-8 

505-1 

December 

272-4 

380-6 

41-6 

33-3 • 

9-7 

746-6 

1921 — January . . 

148-2 

SV4-4 

34-2 

28-6 

8-1 

493-4 

February 

167# 

258-4 

31-6 

19-6 

6-5 

483-5 

March . . 

130-7 

175-9 

27-2 

19-6 

6-7 

359-1 

April . . 

32-0 

29-6 

5-9 

— 

3-1 

70-6 

May 

1-4 

2-6 

— 

— 

1-8 

6-7 

June 

- — ' 


— ! 

— 

— 

1-9 

July 

36-6 

^•2 

7-4 

2-6 

• 8-6 

117-2 

August . . 

152-2 

262-6 

14-3 

10-9 

4-1 

434-1 

September 

138-3 

269-9 

l_ 

5-1 

12-9 

4-6 

430-8 


1920 Monthly average, 764-7. 1919 Monthly average, 658-0. 

B 
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In this country the trouble has Arisen chiefly on account of the 
high cost of production, the cost of fuel alone serving to cut us out 
of the world’s markets. As an illustration of this, it might be 
related that it is cheaper to buy Belgian pig, paying freightage, 
than it is to buy from home producers. As the result of this, the 
greater part of our blast furnaces and f)ur stt‘el works are either 
completely or partially shut down. 

The advent of a new year has, however, with a certain amount 
of reason, given rise to n(5W hopes. One hears every week of works 
that have been closed for some little time opening up again, so that 
whereas the immediate past was bad to a degree, the near future 
is far from being hopeless. 

The result of this slackness in the industry has not only affected 
the financial aspect, but has left its mark in the production of 
scientific and technical advances. One seeks in vain for any 
technical paper of merit concerning the design or operation of 
metallurgical plant. This being so, any review (fl the work of the 
year must necessarily concern itseK almost exclusively with the 
more scientific publications. 

Even in the field of science has this year been unfortunate ; 
there is, indeed, a distinct atmosphere of mediocrity pervading 
most of the scientific works. Publications on blast furnace practice, 
steel furnace design, steel fumact' operation, and rolling mill practice 
being either wanting or unworthy of consideration, vt. are limited 
almost exclusively then to the consideration of the physical pro- 
perties and mechanical properties of iron and steed. 

Physical Properties of Iron and Steel. 

A. Portevin and V. Bernard ^ write at some length upon the 
coalescence in steels, meaning the coalescence of the eementitc. 
They treat the question with regard to composition of the steel, 
temperature of heating, duration at the high temperature, and 
rate of cooling. Their results are interesting, but in many ways 
self-evident. Is it not natural, for instance, that ^\ith a steel 
in which the cement He is fully coalesced, greater time will be 
required for its solution upon heating above the critical point ? 
The rate of reaction, in which is included rate of solution, will 
naturally bear some relation to the size of the reacting particles. 

The authors attempt to measure the magnitude of the trans- 
formation point by means of the dilatometer, taking the expansion 
or contraction undergone by the specimen in passing through the 
critical point as being proportional to the magnitude of this trans- 
formation. When it is considered that this critical change repre- 
sents the sum of two opposing factors, which on cooling are an 
expansion due to the transformation of gamma into alpha iron, and 

1 J. Iron and Steel Inst., 1921, 104, 146 ; J., 1921, 698a. 
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a contraction due to the carlndc, it will be realised that until we 
have further data upon the magnitude of these separate changes, 
conclusions based on such determinations arc more or less useless. 

One point in the paper that deserved greater consideration than 
these authors gave it lies in the method given for the complete 
spheroidisation of the cementite, which is as follows. This coal- 
escence is, in a 0-98% carbon steel, brought about by soaking the 
steel at a tc'mperature of 750° C5. for 25 hours followed by a cooling 
to 650° C. at the rate of 5° C. per hour. In the light of the iron- 
carbon diagram, at a temperature of 750° C., in a steel of the stated 
composition, all the carbide w^ould be in solution. The inferences 
to be drawm arc then (1) that the depression of the Ar3 point by 
carbon is a purely supercooling effect, and that given sufficient 
time, carbide will separate out at a temperatiirc below this change 
point, i.e., 900° 0., or (2) that the carbide at a temperature just 
above the cutcctoid temperature is in a different state from w^hat 
it is at a high temperature, a suggestion previously put forw^ard 
by the wTiter.^ ^ 

Mitchell also refers to some extent to the divorcing of the pcarhte, 
which reaction he illustfates by numerous photomicrographs. 
Mitchell does not, however, go ver^y deeply into the question as 
to the methods used for biingiiv? it about. 

In neither of these papers is there any reference to a not uncommon 
fault in boiler plate material referred to by D. Hanson,^ and fre- 
quently met with, in which the cementite coalesces around the 
grain boundaries, with the resulting development of intercrystalline 
weakness. If only these w orkers w^ould gix e a little more attention 
to such practical problems as these their efforts w ould be welcomed. 

In a further^ pa})er^ A. Portevin points out that the hitherto 
accepted View that tungsten has a solubility of 9% in iron is in- 
correct, tor as he shows free tungstide of iron may be present in 
a carbon steel coqjiaining as little as 5% tungsten. 

Now, the WTiter has show^i® that tungstide of iron diffuses 
extremely slowdy, even at a comparatively high temperature, and 
when in a fine state of division, so that when!t exists in large masses, 
as illustrated by l^.rtevin's photomicrographs, or in the form of 
needles, an excessively long time would be required to bring about 
complete solution. 

As the writer pointed out in his lecture, this sldw rate of diffusion 
of the tungstide w^as the cause of its value in ceAain special steels 
in preventing grain grffw^tii. Until the tungsten has dissolved or 

2 Ibid., 1920, 102, r> 27 . 

® J. West Scotland Iron and Sfkel Inst., 1921, 28, [4]. • 

* Trans. Farcuhiy Soc., 1921, 1?, 91 : J., 1922, 104a. 

« J, Iron and Steel Inst. 19M 104 141 ; J., 1921, 737a. 

• Lecture to Sheffield Soc. of Engineers and Metallurgists, Dec. 12, 1921. 
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nearly dissolved in the steel up to its saturation limit, grain develop- 
ment does not take place, owing to the fact that diffusion will 
absorb greater energy than grain growth ; the former action will 
therefore take place in preference to the latter. This suggestion 
has, of course, a definite thermodynamical basis to its proof. 

Dealing with the effect of tungsten, one cannot pass over without 
comment a remarkable statement by N. Belaiew’ on Damascene 
steel, in which the author likens a Damascene blade containing 
1*5% of carbon to a high-speed steel. This statement is based 
on the fact that in a Damascene blade the greater part of the 
carbide is spheroidised. It should be pointed out to Belaiew that 
in a high-speed steel the segregated constituent is tungstide of 
iron, and that, moreover, some of the best high-speed steels contain 
none of this compound in a free state, but arc homogeneous. 

An exceedingly valuable and interesting contribution to scientific 
metallurgy is to be found in the paper on the characteristic curves 
of heat treatment of steels by A. Porte vin and P. Chevenard.® 
These authors, after discussing the relations between the funda- 
mentals of heat treatment, namely, initial temperafcurt. of heating 
and rate of cooling, proceed to indicate, by means of very ably 
constructed diagrams, the effect of these two variables upon the 
temperature and magnitude of the critical change or changes. 
To cite one particular case, namely, a nickel-chrome steel, con- 
taining carbon 0-5%, nickel 2*65%, and chromium 1*60%, this 
steel shows, according to the initial temperature of heating, three 
definite critical points, one at about 600° C., which they designate 
as At', one at about 400° C. termed At", and one at about 150° C., 
namely, Ar'". The magnitudes of the transformations at these 
particular temperatures were determined by means of the well- 
known Chevenard dilatometer. The decreasing magnitude of the 
upper point, and finally its complete depression, simultaneously 
with the increase in the two lower points, were noted, and measure- 
ments made of their magnitude, the results, as stated, being em- 
bodied in a simple diagram. This contribution serves as an excellent 
example of the application of true theory to practice, especially 
when, as in this case, the Brinell figures are placed in the diagram, 
and it makes a most useful guide to heat treatment. 

Since the compositions of the special steels employed in practice 
are limited to a small number, it would be an excellent scheme to 
construct similai.’ working diagrams to these for each particular 
composition. The present tendency of tke French workers is to 
employ the dilatometer almost exclusively in the determination 
of the critical points in steel. No one can quarrel with this, for 
the. method a6 a method is undoubtedly good. It is unfortunate, 

» J, Iron and Steel Inst., 1921, 104, 181 ; J., 1921, 737a. 

• Ibid., 1921, 104, 117 ; J., 1921, 698a. 
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however, that so little attention seems to be given to English work 
on similar lines. For iiL^tance, Portevin*anci Chevenard,® in dis- 
cussing the dilatation turves for an eutectoid steel, remark upon 
the period of dilatation consecutive to the Ar transformation, and 
attribute this tc the incomplete solution of the carbide at the 
critical temperature. This secondary effect, they Say, was only 
obtained in steel in which the ccmentite had been coalesced. An 
explanation for this phenomenon was given in 1920 by English 
workers. Whilst all research work is liable to criticism, one likes 
to sec this criticism made, rather than that the work should be 
ignored. 

In a further paper Cbcvenard and Portevin’^ regard the contraction 
immediately following the dilatation of transformation as being 
purely thermal, and cast doubt upon Honda’s two martensites ” 
theory. 

In an experimental investigation of the mechanical properties 
of steels at high temperatures,^- E. L. Dupuy has spoilt an excellent 
X)ap(‘r by one important omission. After commenting upon the 
fact that certain experimental work of another was lacking in 
value owdng to the small number of determinations, Dupuy himself 
fails to give the number of tests n^ade in his own investigation. 
Apart from this really important fact, the paper and results 
are remarkably interesting. His curves, showdtig the variation of 
maximum stress and contraction with temperature, may be roughly 
divided into tw o categories : ( 1 ) Those in which the carbon is 
below 0 - 6 %, and ( 2 ) those in which the carbon is greater than 
0 * 6 %. Steels of Class 1 show a maximum in the region of 300° C., 
both in the reduction of area and maximum strength. The most 
remarkable fcatj^Qr.* is, however, the sudden drop in the reduction 
of area between 7o0° and 1000° C. In the rolled and treated bars 
containing* carbon 0*15%, this drop amounts to . 46 % of its value 
at 750° C. This, jis Dupuy points out but docs not attempt to 
impress, is an indication of beta iron. Indeed, from these results 
alone no one can seriously ignore the possibility of a beta state. It 
is not necessarily to be inferred that beta if on represents an aUo- 
tropic modification,* nor is it sufficient to regard it as a purely 
magnetic phenomenon, unless we associate with that magnetic 
change some distinct atomic or molecular change, which, whilst 
taking place, seriously weakens the metal. In Olass 2 some ex- 
tremely interesting results ha^je been obtained. There is an almost 
continuous increase in •the reduction of area betw^een 500° and 
1200° C., excepting for a small break in the curve at about 750° C., 

» Comptes rend., 1921, 172, 149^ ; J., 1921, 614a. 

J. Iron and Steel Inst., 1920, 100, 627. 

^ Rev. Met., 1921, 18, 428 ; J., 1921, 699a. 

^ J. Iron and Steel Inst., 1921, 104, 91 ; J., 1921, 698a. 
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and another at 900° C. These curves for the higher carbon contents 
clearly show that the sdiution of the caPjbide and alpha to gamma* 
change have but little effect upon the mechanical properties ; that 
is to say, that no abrupt break in these properties is experienced. 

Whilst commenting upon this question of betu. iron, reference 
should be made to a short paper by K. Honda,^^ in which the author 
shows that the temperature of the Ar2 change is unaffected by the 
strength of the magnetising field. 

Confirmation of Bupuy's work is afforded by the work of 
MaePherran,^^ who found that with a 3*5% nickel steel, the maxi- 
mum tensile strength is developed at 315°-345° The presence 
of nickel, he found, lovcrcd the tempcratuie of maximum strength 
and lessened the ductility at higher temperatures. His results 
indicate that carbide -forming elements, such as chromium, tend 
to strengthen the sicels at high temperatures. The high Umsilc 
strength of such steels as rustless confirms this view. 

Roentgen 8pectrogkaphic Investigation of Iron and Steel 
AND THE Space Lattice Theory. 

One of the most important discoveries of late years is undoubtedly 
that pertaining to the arrangement of atoms in space, and the 
application of the principles of ‘Bragg to metallic structures. 

The controversy raging over beta iron received its sudden solution 
in the hands of A. Westgren,^^ who showed, by means of the X-ray 
spectrographs of iron at different temperatures, that the so-called 
beta modification was crystallographically similar to alpha iron 
and of a cube-centred configuration. Gamma iron, examined both 
at a higli temperature and in an austenitic structure in the cold, 
indicated a face-centred structure. The constitution of martensite 
was also dealt with, and it was clearly shown that in this con- 
stituent the iron‘existed in the alpha condition. No dird'.t evidence 
was, however, obtained of the structure of thd carbide of iron in 
any of the sections examined, but its constitution was, pronounced 
as being complex. 

In his lecture before the Sheffield Society of Engineers and 
Metallurgists, the writer put forward a suggestion relating to 
the arrangement of the carbon atoms in a quenched steel, which 
was as follows. The hardest steel known may be obtained by 
quenching from above the critical point a plain carbon steel con- 
taining O' 66% of carbon. A steel o^ this comx) 08 ition contains the 
equivalent of three atoms % of carbon, or 3 mols. of carbide of 
iron in 88 of iron. Taking it that in an unlimited number of cubes 
of iron 4 atorn^ are associated with each crystal of the face-centred 

« lUd.y 1921, 104 , 185; J., 1921, 737a. 

Amer. 8oc. Testing Materials, June S4, 1921. 

J. Iron and Steel Inst., 1921, 108 , 303 ; J., 1921, 392a. 
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type, it would mean that for every 3 mols. of carbide of iron there 
would be 22 cubes of iron, a ratio of 1 to 7-33, or approximately 
1 to 8. The only way li) which such a structure could be built up 
would be by assuming that at the point of contact of the corners 
of 8 cubes ther6 was 1 mol. of carbide, which by forcing the iron 
atoms apart, in this manner brought about maximum distortion. 
It seems necessary to assume that the carbide would crystallise 
according to the form of carbon, that is as a tetrahedron ; and that 
if there were to be a homogeneous distribution of the carbide, 
there could not be as many as 4 atoms in contact, or in other words 
that up to a certain concentration the carbide must exist as free 
molecules. When the composition of the (^utectoid — i.e., 0-89% 
of carbon — is reached, the necessary 4 atoms are present, so that 
from that -composition upwards it should be possible for the carbide 
to exist in the crystalline form. * 

It is known that with carbon higher than 9-89% it is possible 
by quenching from a high temperature to obtain some austenite. 
Austenite* is regarded by the writer as gamma iron, in which the 
structure has been stabilised by the tc*tralicdronal space lattice 
of the carbide molecules. The saturation value of iron for carbide 
at 1130° 0. is equal to 8 atoms % of carbon, which, assuming them 
to exist as carbide of iron, gives 8 atoms of carbon, or 2 tetra- 
hedrons for every 68 atoms or 17 cubes of iron. Crystallographi- 
cally the greatest number of tetrahedra that can be built into a cube 
is 2. Since it is, however, dilhcult to know of the exact arrange- 
ment of the tetrahedron in the cube, if we assume that relative 
to each tetrahedron there is but 1 atom of carbon, this then gives 
us for every 17 cubes 8 atoms of carbon, which is roughly as two 
is to one. Th^ ‘ignre 17 is of some significance, since Westgren 
believes that with each carbon atom there are associated 17 iron 
atoms. By assuming that the crystallisation of Jhe carbide within 
the iron structure stabilises that structure, an explanation of the 
greater ease with which the gamma state is preserved becomes 
evident. 

Now with regard lo the property of Hardness, the molecular 
carbide, by forcing apart the iron crystals, thus causing distortion, 
will effect not only a hardness but likewise a deci’casc in specific 
gravity of the quenched steel, by giving an alpha iron in which the 
atoms arc still kept apart by the carbide molecCiles. On the other 
hand, with a higher carbon content, whereas 'upon passing the 
(jritical point the cafbon will in all probability temporarily bo 
transformed into the molecular stati', upon further heating the 
molecular carbide will force, its way into the iron space lattice, 
thereby effecting a tcmiporary expansion, due to tlie crystallisation 
of the molecular form, but when once crystallisation has completely 
taken place the iron will expand similarly to normal gamma iron. 
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The fact also that after the carbon has passed the value of 0-89% 
when first the crystallinwi modification becomes possible, precipi- 
tation of free cementitc above the cutectoid temperature occurs is 
significant. 

The tendency to assume that in all solid solutk)ns the foreign 
metals (that is those in small amounts) must necessarily exist in a 
definite crystalline state is difficult to understand. One has only 
to think of a hypothetical case in which we have but one atom 
of one metal in, say, a ton of another. In this case no equilibrium 
could be possible, for one point cannot be homogeneously distri- 
buted over a volume. Working upon this analogy, then, it must 
be admitted that the first atoms of an element or molecules of a 
compound must exist in the free molecular or atomic state, rather 
than th(i crystalline. 8o that whilst in the case just considered it 
is not to be inferred'^that with each cubic space lattice of iron 4 
carbon atoms must be assumed, there must be at least an equivalent 
of 4, in order that crystallisation can take effect. 

The relatively enormous lowering of thp electrical resistance of 
a metal brought about by the addition of small amc.unts of a 
second metal, is, moreover, explained on this basis. Assuming 
the added metal to be in an atomic condition, probably occurring 
as an adsorbed layer around the crystalline boundary, it is easy to 
see that the foreign metal, behaving similarly to a gas, would effect 
a relatively large lowering of the electrical rcTsistance, and that 
when sufficient was added to form a crystalline unit, whilst part 
of the metal would still exist in this atomic state, further additions 
would go to form either a space lattice of its own, or in combination 
with the i?iother metal, thus bringing the lowering of the property 
discussed to an end. ^ 

Failure of Metals under Internal and Prolonged Stress. 

A general discussion was held on the above question at the last 
meeting of the Faraday Society.^® Many of the paper?? were of a 
general character, and certain of them of a more special nature. 
The result of this discussion is very difficult J^o sum up ; many 
highly interesting facts and problems were brought to light, but 
one rather regretted that no complete decision was arrived at in 
any one connexion,. 

The first day c/>nsisted of a duel between the adherents of the 
amorphous phase and those who do not creej-it this hypothesis with 
the explanation of (werything. W. Rosenhain, in his introductory 
address,^’ put forward in a very able and lucid manner his inter- 
pretation of the part played by the 'amorphous metal. This was 

Trans, Faraday iSoc., 1921, 17, [1], 1 seq. 

« Ibid,, 2. 
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followed by an exceedingly critical and able paper by W. H. Hat- 
field, who very rightly suggested that to agree with Rosenhain one 
must conclude that there are two distinct types of amorphous 
material, viz., one form produced by cold work — a hard form — and, 
secondly, a visc^sus form existing at the crystal boundaries in the 
original cast metal, the latter being capable of viscous flow. Ob- 
viously, as Hatfield suggested, one caimot have it both ways ; 
it must not be assumed that under (certain conditions this amorphous 
material is capable of flowing, and in another case that it acts 
as a hard cement, incapabk*. of flow. 

In a written contribution to the discussion, A.McCancc’® rightly 
pointed out that in tlu^ papers contributed no attempt had been 
made to analyse the iiKchanism by which internal stresses are 
produced in metals. Mc(^ari(;e pointed out that a test-pi(‘,ce stressed 
beyond its elastic limit in tension had its elal^tic limit in tension 
raised, and its elastic limit in compression lowered by a corre- 
sponding amount, the position of equilibrium being shifted along 
the direction of comi)rcssivc stress. Dealing with the matter from 
the standpoint of quenched steels, he says : “ There is always 
present tlui stress resulting from the alteration in volume at the 
gamma to alpha inversion, but in addition there is the stress intro- 
duced by the quenching operation ilsblf, which will produce stresses 
in any material which possesses a temperature; coefficient of ex- 
pansion. ... On plunging a long heated rod in water, the 
outer portion commences to cool down and contract before the 
inner portion, and in doing so it produces a tensile- stress circum- 
ferential to itself, and a compressive stress in the core. In a direc- 
tion at right-angles to this, along the axis, these stresses produce 
corresponding Jpnsion and compression stresses respectively. If 
they reach sifch a value that they exceed the elastic limit at any 
time, defojmation takes place, and reversed internal stresses are 
left in the material. In the longitudinal direction, in the outer 
portion, internal compression stresses will exist, and these will be 
balanced bj internal tension stresses at the centre, since the stress 
integral across any section must be zero.”. It is clearly evident 
from this last contrjbiition that there is no necessity of assuming 
any such state as the amorphous ; to account for failure in stressed 
materials, it is indeed sufficient to consider the matter from the 
standpoint of opposing stresses. As long as tti,ese are balanced, 
failure will not result ; but immediately this balfyice is disturbed, 
then failure is most lil^ly to* occur. 

With reference to the intense hardness always assumed for the 
amorphous material, McCance pointed out that amorphous silica 
is softer than the crystalline variety, and it was us«d for galvano- 
meter suspensions on account of the absence of viscous flow. 


« Ihid., 71, 
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The greater part of the papers read at this meeting were con- 
cerned more or less with special cases of failure ; for instance D. 
Hanson dealt with intercrystalline failure ih boiler plates — failures 
which, as pointed out by him, seemed generally to result owing 
to the segregation of thin cementite films around the crystal boun- 
daries. As to whether one must assume greater strength along the 
crystal boundary, or whether this results merely from crystal 
interlocking, has not been conclusively proved. At his Sheffield 
lecture the writer offered the suggestion that at the grain boun- 
daries there existed a stronger attraction between the atoms due 
to the unsatisfied valencies of two layers of sui'faoe atoms, this 
suggestion being based on the Langmuir theory of adsorption. It 
might even be due to the forces of co- valency. This suggestion at 
least explains the action of corrosive^ reagents in preferentially 
attacking the grain boundary material, for it naturally assumes a 
greater surface of attraction, and therefore greater field of chemical 
activity. 

Quite an excellent summary relating ,to the forces producing 
rupture in steel was given by J. N. Greenwood. Owing probably 
to there being but little new material, and partly owing to the rather 
incomprehensive manner in which the case was stated, this paper 
did not come in for much discussion. As a general survey of the 
forces tending to cause rupture in steel, the pap(‘r is excellent and 
certainly merited greater attention than it received. With the 
exception of a certain few of the contributions, notably those by 
Hatfield, McCance, and Greenwood, one felt that but little had 
accrued from this discussion. Much food for thought was, however, 
provided, and if only certain of the contributors would make an 
impartial digest of the matter brought up, their ^'ie\^s upon the 
causes and effects of internal stresses should be greatly modified. 

a 

CoKKOsioN OF Iron. 

The corrosion of metals is a subject about which we know less 
and publish more than about any other. 

A theory of corrosioh seems to be part of the individual ; every 
man appears to have his own view as to why corrosion takes place, 
and equally to ignore the views of others. It is interesting then 
to compare a few statements with regard to the effect of copper 
in steel, upon its corrosive value. F. K. Bell and W. A. Patrick®^ 
conclude from their experiments that popper has a marked retarding 
effect on the rate of solution in 27% solution of hydrochloric acid, 
as compared with pure reduced iron. A 50% solution of sulphuric 
acid gave erratic results. 

Ibid., 91 ; J., 1921, 104a. 

Ibid., 123 ; J., 1921, 105a. 

, “ J. Amer. Chem. Soc., 1921, 43, 462 ; J., 1921, 304a. 
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0. Bauer also finds that copper lessens the corrosion of iron 
in atmospheric air, and, also in sulphuric acid fumes, and 0. W. 
Storey23 suggests that 'steel ranges built of iron containing copper 
corrode less. E. A. and L. T. Richardson2^ state that copper 
increases the rtst-resisting power of steel. 

Contrary views are expressed by A. S. Cushman and G. W. 
Coggeshall,2^ who state that copper-bearing iron is less resistant 
to corrosion than copper-free metal, whilst J. A. Aupperle and 
D. M. Strickland 2® give values for the corrosion of steels in a 
solution containing 0*7% of sulphuric acid, of ferrous 

sulphate, and ()*15% of ferric sulphate, the solution being con- 
tinuously circulated and aerated. The loss in weight in sixty 
days was as follows : — Pure open-hearth iron, 0*622 oz. per sq. ft. ; 
copper open-hearth steel (0*257% Cu), 0*75 oz. per sq. ft. ; 
open hearth steel, 0-779 oz. per sq. ft. ; Besse&ier steel (0*224% Cu), 
2*060 oz. per sq. ft. ; copper acid open-hearth steel (0*209% Cu), 
3*263 oz. per sq. ft. 

One’s pity goes out tp the technical and commercial man who 
relies upon the scientist to assist him in this matter of corrosion. 
Experiments and determinations are legion, but the conclusions 
are worthless. Each investigator appears to employ the methods 
that appeal to himself, each takes lor his purpose different types 
of steel, manufactured by different processes. Not content with 
this, it is usual for each individual to employ some special form of 
corroding reagent. AVhat is the result of this '( The publications 
and scientific press arc flooded with innumerable results, all unstan- 
dardised and unco-ordinated, and therefore for practical purposes 
useless. Dealing with the question of the corrosion of ♦iron as a 
whole J, A. N^Eri<'nd2’ formulates a colloidal theory of corrosion. 
The main teatuivs of his theory are as follows : — (1) The rate of 
corrosioruis dependent upon sol formation. (2) The dissolved iron 
is originally present in the ionised ferrous state, but is rapidly 
converted into the sol of ferrous hydroxide, and afterwards oxidised 
to the higher hydroxide, this latter acting catalytically by oxidising 
metallic iron, itself undergoing reductioH, and is subsequently 
re- oxidised by thCf>oxygen of the air. He supports this theory by 
mentioning that substances such as strong elcctrol 3 rbes, which 
destroy and cause precipitation of the colloid, retard corrosion, 
whilst other substances, which assist in stabilising or forming colloids, 
increase the corrosive action. • 

If we accept this theory we must needs alter our definition of a 
22 Stahl u. Eisen, 1921, 41, 37, 76 ; J., 1921, 393a. 

22 Trans. Anier. Electrochem. Soc.j 1921, 13 ; J., 1921, 220a. 

2* Ibid., 55 ; J., 1921, 262a.* 

2® Ibid., 249 ; J., 1921, 350a. 

2® Ibid., 167 ; J., 1921, 350a. 

« Chem. Soc. Trans., 1921, U9, 932 ; J., 1921, 545a. 
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catalyst. One always assumed that a catalyst was a body which 
underwent no change during the reaction, but here we have a 
substance termed catalyst which undergoes alternate oxidation 
and reduction. 

Another interesting point is with regard to the initial solution, 
previous to the formation of Ihe colloid. If solution without any 
colloid is possible why bring into the theory a colloidal explanation ? 

Slags. 

Research work upon slags, whether of blast-furnace or of steel- 
furnace origin, has been extremely limited during the year 11)21. 
L. Blum-® has quite reasonably pointed out that the basicity of a 
basic slag is limited to excess lime beyond that required to form 
tetracalciiim jihosphate and calcium monosilicate. Re concludes 
that 4% of excess lim;; is sufficient for the purposes of desulphurisa- 
tion and dephosphorisation. 

J. E. Fletcher-® emphasises the importance of grajihical methods 
in consideration of slag compositions, and illustrates his results in 
this manner on every possible occasion. The author asaumes that 
blast furnace slags arc constituted of orthosilicat(\s, which act as 
solvents with respect to the other constituents, dissolving free 
silica and alumina. In view of the work of Feild and Royster,®® who 
have shown by means of viscosity determinations that in the 
liquid states the slag retains the constitution of the solid, this 
view is difficult to accept. 

Fletcher makes the statement that there is always a tendency 
for the slag to become neutral, chemically sjieaking. This is as 
interesting as it is natural, the neutral state being of an eutectic 
composition, in which there will separate, upon cooling, the pure 
compounds in a free state. An eutectic composition is synchronous 
with the maximum entropy function, the change in Q at a constant 
temperature, T, being greatest during the solidification of an 
eutectic composition, and it is known that all bodies tend towards 
maximum entropy. There is then some scientific foundation for 
this statement. 

Many of the suggestions put forward in this paper are somewhat 
of an empirical nature, and require fuidhcr thought and investiga- 
tion. The discussion on the paper is particularly interesting. 

Pkoc:i:sses and Treatment of Steel. 

H. Brearley,®^ in a paper on the welding of steel, shows that a 
weld can jarely, if ever, be perfect. As a method of testing welded 
material he suggests the employment of an Izod impact test. He 

a® SlaM u. Eism, 1921, 41, 09 ; J., 1921, 392a. 

*•. J. Iron and Steel Inst., 1921, 103, 105 ; J., 1921, 394a. 

U.S. Bur. Mines, Tech. Papers 187 and 189 ; cf. J., 1918, 246a, 648a. 

J. Iron and Steel Inst., 1921, 108, 27 ; J., 1921, 190r. 
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cites experiments made by hi&self, in which he drilled a hole in a 
steel ingot, filled up this hole with a close-fitting bar of the same 
material, and then rolled* the composite mass together. From the 
value of the impact figures he shows that for a welded section the 
impact value would be less if the weld were perfect than if other- 
wise, an imperfect weld acting as a composite material. Owing 
to the welded portion tearing away at the weld immediately upon 
fracturing, the metal forming the second part of the weld will, 
so to speak, act as a backing, and add greatly to the apparent value 
of the Izod figure. Were the weld perfect it would break as one 
homogeneous piece, with a lower impact value. From results 
obtained after different treatments, the author calculates the 
comparative welding figures of four typical steels, viz., low-carbon 
steel, nickel steel, nickel steel with low chromium, and a nickel- 
chrome steel, the mild steel giving the hipest and the nickel- 
chrome steel the lowest figure. The author refers to sulphur in 
steel, and indicates that its value as a means of producing a sulphur 
print, and thereby giving an indication as to the manner in which 
the metal has been cast and worked, is perhaps greater than the 
detrimental properties conveyed upon the steel by this clement. 

Dealing with the dimensional effects of heat treatment of carbon 
steels, W. P. Wood concludes from his experiments that, after a 
normal oil-hardening from 900° C., 'followed by tempering at 600° G., 
compared with the ordinary annealed steels, a hypo-eutectoid 
steel is shorter, an eutectoid steel the same, and a hyper-eutectoid 
steel longer after this treatment. His results agree with those 
of Andrew, Rippon, Wragg, and Miller.®® 

An interesting paper on case-hardening is contributed by^. Fay,®* 
who supporta/fc'v dew that case-hardening is a nitrogenising as 
well as SB carbonising process. Quoting from the work of other 
observers Jbhe author refers to a case in which Hurum found that 
after heating a low-carbon steel in a cyanide bath for 10 minutes 
at 830° C., the ^nitrogen content on the outside layer was 
0‘57%. By using Shimer’s cyanide process it is stated that both 
carbon and nitrog m diffuse through iron at temperature of 650° C., 
which is below th ^ change point (the temperature of 650° C. is, 
however, so near to that of the transformation point, that this 
statement must not be accepted without question). 

The nitrogen content is said to decrease with rise of temperature, 
the maximum content (0*57^%) being arrived «t at 750° C. As 
nitrogen is known to ^ave an appreciable hardening effect upon 
iron it is quite possible that in using cyanide mixtures for case- 
hardening the reaction suggested does take place, for experimental 

Chem. and Met. Eng., 1921, 24, 345 ; J., 1921, 261a. 

®® J. Iron and Steel Inst., 1920, 101, 493 ; Ann. Repts., 1920, 6, 244. 

** Chem. and Met. Eng., 1921, 24, 289 ; J., 1921. 220a. 
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results all point to solid carbon being unable to cement iron. Know- 
ing that nitrogen will co.mbine with iron to form a nitride, and that 
the only difficulty of forming this nitride lies in causing the nitrogen 
to diffuse into the iron ; when we have a gaseous radicle CN, both 
reactions become possible. ^ 

The question as to whethei oxygen is soluble in steel came under 
discussion, due to papers by J. E. Stead and J. H. Whiteley.^® 
Proof was furnished both in the papers and in the discussion that 
oxygen, j)robably as oxide of iron, has a limited solubility in steel. 
Evidence of this was furnished by application of the cupric reagent, 
which show'ed unattacked areas where oxygen was suspected, and 
gave negative results when the same sample was reduced 
in hydrogen. 

A. McCance in the discussion referred to some experiments of 
his own, in which the amount of oxide included in the steel was a 
function of the slag composition and the temperature of melting. 
It is a wcll-loiown fact that if time is allow ed, an equilibrium exists 
between the oxide in the slag and the oxide in the metal, the 
distribution obeying the Nemst distribuliion law, so that by con- 
trolling the composition of the overlying slag it is possible to produce 
a steel comparatively free from this harmful constituent. 

The existence of oxygen-bearing iron is also inferred by A. 
Matsubara,^® v\ho determined the equilibrium relations between 
CO, CO 2 , and Fe at thi’ee different temperatures, and likewise 
studied the systems CO -CO 2 — FeO, and CO— CO 2 — FcaOi. The 
system Fe — FcO — CO — CO 2 — C has also been determined by 
V. Falcke.®^ 

S. N...jBrayshaw®® describes at great length his method for the 
prevention of hardening cracks in a steel containing 1 *1 % of carbon, 
0’8% of tungsten, and 0-2% of chromium. One' gathers, from this 
lengthy paper that the question of cracking largely depends upon 
the initial treatment of the tool. The figures given are so numerous 
and the descriptions so lengthy that unless orie has a particular 
interest in this uncommon class of steel interest is apt to fade away 
before the end is reached. If, on the other hand, one does complete 
the perusal of this paper, the feeling that one has really done some- 
thing hangs foremost in the mind. 

„ New Steels. 

Uranium steels are dealt with by H< S. Foote.®® But little effect 
upon the transformation points is produced by addition of this 

35 J. Iron and Steel Inst, 1921, 103, 271-302 ; J., 1921, 392a. 

3» Trans. Amur. Inst. Min. Met. Eng. 1921 ; J., 1921, 304a. 

3; Z. Ekktrochem., 1921, 27, 208 ; J., 1921, 545a. 

3* J. Iron and Steel Inst., 1921, 108, 131‘; J., 1921, 393a. 

»® Chem. atnd Met. Eng., 1921, 28, 789 ; J., 1921, 860a. 



271 


mON AND STEEL. 

• 

element up to 2*0% ; furthel* ’additions lower the changes and 
induce a martensitic structure. Uraniuip appears to induce the 
formation of sorbitic pehrlite similarly to chromium. Speaking 
generally, it tends to em'^hasise the special properties induced by 
other special elements when added along with them. 

A New Etching Reagent. 

A new etching process is described by A. Fry.*® The process 
consists in annealing the test piece for about half an hour at 200° C., 
and etching with a strong solution of cupric chloride in hydro- 
chloric acid. For micro-sections the reagent consists of 40 c.c. of 
concentrated hydrochloric acid, 30 c.c. of water, 25 c.c. of ethyl 
alcohol, and 5 g. of crystalline cupric chloride. This reagent is 
said to show up strain effects remarkably ^well. 

Mechanical Properties. 

Two excellent papers by W. H. Hatfield*' deal with the mechanical 
tests of numerous steels* The purposes of both these papers are 
alike In the first-mentioned the author attempts to impress the 
marine engineer with the well-established fact that better mechanical 
properties may be derived from certain alloy steels than can 2 )ossibly 
be (d)taincd from ordinary carbon steels. Many of the results 
given had been published ))reviously, and were referred to in last 
year s rejiort. Hatfield’s results are reliable and his conclusions 
sound, and, as previously said,*^ he has the courage of his con- 
victions, not being content with merely giving the actual properties 
of steels of varied compositions, but even going further, assigning 
to each particular steel its special use and method of employment. 
The steels cpnAd'.rrd cover a wide range of carbon, nickel, nickel- 
chrome, chrome, and chrome-vanadium steels. In the second 
paj)er speefial steels are dealt with from the standpoint of the Wohler 
fatigue range. TJie method of conducting the Wohler test is 
described ^d the fatigue values given. The author takes for his 
purpose a good selection of steels as used in the automobile industry, 
and in his conciusions makes the following comments : “For 
10,000,000 revolutions, the safe range of stress for carbon steels 
used in the motor-car industry is from 12 to 18 tons per sq. in. 
For alloy steels the comparative figures are 21*5 to 28 tons. Here 
is indeed a sound argument for the extended hse of high- tensile 
alloy steels for highly stressed parts.” The figifre of ten million, 
it should be remarked, "Ss the number of reversals that a steel must 
stand without rupture, under a particular load. In other words, 

Stahl u. Eisen, 1921, 41, 1050 ; J., 1921, 660a. • 

“ J. West Scotland Iron and Steel Inst.^ 1921, 28 [5] ; J. Inst. Automobile 
Eng,y 1921, 465. 

“ Ann. Repte.y 1920, 6, 241. 
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the load under which the steel will just stand this number of re- 
versals is the figure tak/in. 

L. Aitchison^® gives an exceedingly good account of the properties 
of chromium steels. Ho suggests replacing many special steels of 
other types by means of pure chrome-carbon s^tcels. His tests 
show the great latitude possible by slight variation of the chromium 
and carbon content. He also describes the properties of chromium 
iron containing 11*7% of chromium, this being of a rustless nature. 
This alloy, after a treatment consisting of oil-hardening at 930° C., 
followed by a tempering at 750°, gives tensile results as follows : 
Yield point 27-0, maximum stress 36*7 (tons per sq. in.), elongation 
31*0%, reduction of area 68-8%, Izod impact 87 ft. -lb. — a truly 
remarkable test for a practically carbonless material. Highly 
interesting are a series of test values given showing the comparative 
relation between chpome- vanadium steels and pure chrome steels, 
to which has been added an amount of chromium corresponding 
to the vanadium. These tests indicate that chrome-vanadium 
steels may be reasonably replaced by pure chrome-carbon steels 
containing an excess of chromium corresfionding to the vanadium 
in the quaternary steels. During the discussion the remark was 
made that the engineer, after being told by one metallurgist of the 
great value of nickel-clirome steels, was now being told that pure 
chrome-carbon steels were as got)d if not better. WTiat, then, was 
the engineer to do ? 


Conclusions. 

Apart from the deplorable condition of the industry, the year 
1921 hat’ been somewhat deficient in original investigations. No 
revolutionary discovery has marked this period, nothing outstanding 
has been revealed ; in fact, we have just passed tlirough a very 
ordinary year. Papers in numbers have been read and, have been 
discussed, but can we say that as a result of all this we are any 
nearer to the final goal, the age when a scientffic explanation for 
all facts becomes possible ? “ 

Let us take as an example the discussion on internal stresses 
held under the auspices of the Faraday Soqiety. Undoubtedly 
much that was new and valuable came to light ; but if one were to 
attempt to summarise the result of this discussion, to come to any 
conclusions with regard to the real cause of internal stresses and 
the nature of such stresses, they would be utterly at a loss to know 
which school to follow. It is well-nigh impossible to reach a state 
of finality in anything ; every hypothesis proposed and accepted 
must indeed be but a transient stage in our evolution, but w’hen 
there exist twoniefinite and different’schools of thought, the matter 
becomes even more difficult. 

Inst. Automobile Eng., Nov. 10, 1921. 
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Then with regard to the adoption by engineers of special steels — 
that is to say high-tensipn steels — to replace the present class of 
ordinary mild steels. 'Hatfield in j)articular has been preaching 
their more extended use from the housetops ; he has given large 
numbers of testis illustrating their superiority, and yet we are just 
where we were. This attitude of indifference on the part of engineers 
has done and is doing greater damage to metallurgical research 
than is generally realised. The metallurgist investigates, carries 
out innumerable tests, and concentrates the whole of his brain 
power upon problems connected with engineering materials, all 
to be paid for by this lethargic indifference. One would have 
thought that, industry having be(m slack, managers would have 
at once have turned their attention to research, in order when 
trade revives to be in a position to j)ut on the market fresh steels 
with special properties, to be able to start up again with the help 
of new tools in the way of Imowledge. This is not so, however ; 
we progress when we are forced to progress, we adopt new methods 
when our competitors h^ve installed them and cajitured our trade. 
UnfortunaDoly most of these competitors are foreigners. The 
metallurgist is then in the unenviable position of an onlooker, who, 
seeing what is required, and at the same time having the knowledge 
and ability to act, is unable to do so because he has not the power. 
Is this always to be ? 
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THE METALLURGY OF THE NON-FERROUS 
. METALS. 

By Cecil H. Desch, D.8c., Ph.D., 

Professor of Metallurgy, University of Sheffield. 

There is little to record in the technical development of non-ferrous 
metallurgy during the past year. The depression which has so 
profoundly affecjted the whole of industry has prevented exi)ansion 
of manufactures and the trial of new processes. Many important 
plants have been standing idle, whilst developments which have 
been projected have had to await a rao»’e favourable time. On 
the other hand, the scientific study of non-ferroii.^ metals* and alloys 
has been progressing rapidly, and this is a most hopi‘iul sign, 
promising improvements in the extraction, treatment, and’utilisation 
of metals as soon as circumstances permit, with consequent great 
advantages to the industry. In our own country the Non-Ferrous 
Metals Research Association is gaining in strength, and has already 
undertaken a programme of research which should result in great 
benefits to its members. This Association has adopted the wise 
policy of concentrating its energies on problems of fundamental 
importance rather than on minor shop difficulties, the solution of 
which is not the work of a co-operative bod}^ although its central 
bureau is usually in a position to supply existing information from 
its stores of filed and classified papers. For the sake of the British 
metallurgical industries generally, it is to be hoped that this impor- 
tant research organisation will receive the fullest support from all 
firms connected with the manufacture and treatment of the non- 
ferrous metals. It is only by a large membership that such associa- 
tions can obtain the resources necessary for an^extensive campaign 
of investigation and for the maintenance of an efficient machinery 
for collecting and distributing technical information to its members. 

The publications of the year include statistical pamphlets in the 
series issued by the Imperial Mineral Resources Bureau, dealing 
with aluminium, antimony, barium, cobalt^ manganese, tungsten, 
and zinc, whilst the Imperial Institute has published monographs 
on the ores of silver, chromium, and lead. Attention should, 
perhaps, be called to an important monograph on the economics 
of the copper industry by F. W. Franke.^ This is an exhaustive 

^ Munich, Dunckor and Humblot, 1920. 
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work, and although European countries have only received a small 
part of the author’s attention, the survey is most illuminating, and 
it is to be hoped that efther metallurgical industries will in time be 
treated in a similar manner. 

Gold mining lias had to contend ^with serious difficulties, and 
in South Africa the world’s economic condition has combined with 
labour troubles to hamper the progress of even the most productive 
mines, whilst the low-grade mines have found it difficult to continue 
working. One consequence has been that greater interest has been 
taken in the ores of base metals and in non-metallic minerals, in 
which the country is also rich.- Copper and tin mining are assuming 
importance in the Protectorate of South-West Africa. “ An inter- 
esting change in the method of treating gold ores has been adopted 
by the Springs Mines Co. in the Transvaal.^ In the new plant the 
stamp mill and amalgamation plant have bee5i discarded, and the 
ore passes directly to the tube mill for treatment. A tube mill can 
deal with ore in the condition in which it comes from a gyratory 
crusher, and can grind it io such a fineness that cyanide? extraction 
*s rapid and complete. The results of such a simplification of the 
ordinary process will be interesting when compared with the stan- 
dard method of working. Apart from this development there is 
little to record in the treatment of 'gold ores. R. Paulin‘S states 
that ball mills are inefficient in sc'parating gold from quartz, and 
that roller mills or tumbler mills have advf»ntages over them. Some 
experiments on cyanide solutioiis have been made by H. A. White,® 
who finds that wattle bark extract, in the presence of a minute 
quantity of alkali, is the cheapest and most efficient for the removal 
of oxygen, and by J. H. Johnson,’ who finds that in highly^lkaline 
solutions deposi^ of calcium carbonate and hydrated silica ai e liable 
to cause clogging (;f the zinc precipitation boxes. 

The scarcity of platinum is a serious matter for many chemical 
industries. Russia and Colombia produce about equal quantities 
of the metal, and tWe production of all remaining countries is insig- 
nificant in proportion.® A few new discoveries have been made in 
Canada, and the presence of very small amounts in some of the 
rocks of Cornwall ha^ been reported, but the quantity is insufficient 
to pay for w'orking. The Russian production is not very far short 
of its level before the war.® As there is no sign of any new source 
of importance, it becomes an urgent question whether the use of 

* J., 1921, 32u. 

® J., 1921, ir)0R. 

* J., 1921, 389r. 

® Chem.-ZeiL, 1921, 45 , 285 ; J., 1921, 304a. 

« J. Chem. Met. Soc. S. Afrka*l920, 21 , 105 ; J., 192ir263A. 

» Ibid., 58 ; J., 1921, 48a. 

® J., 1921, 434r. * 

» J., 1921, 471r. 
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platinum in jewellery, for which other metals are at least equally 
suitable, should not be ^orbidden, in order to free this essential 
metal for its legitimate uses in industry. 

Experiments on the mechanical concentration of Silesian lead 
and zinc ores are described by W. Gross and W. Goy.'" The bar 
form of screen, as used in Schubert’s patents — the bars being shaped 
like fire-bars — ^gave the best results. The Schuchardt sieve and 
plates with conically-bored perforations, the cones widening down- 
wards, came next in order. Tlie free opening and the pressure in 
the plates above the screen are the two principal factors in deter- 
mining the clliciency of the j)lant. 

The theory of the settling of particles in concentration processes 
is discussed mathematically by K. Kegel.’* The velocity of fall 
in a confined space is equal to the velocity In an unconfined space 
in the same medium multiplied by the ratio of the smallest unoccu- 
pied cross-section to the total cross-section. It follows that specifi- 
cally heavy small particles fall more rapidly in a settling tank 
than larger particles of lower specific gra\ity. 

An account of experiences with the Grondal mctluxl of flotation 
is given by A. Macco.’- During and since the var four plants 
on this system wcpt^ erected in Germany for the* pin pf)S(^ of dealing 
with low-grade ores, and the results suggest that many poor ores 
may be economically treated in the sarnie way. The ore is crushed 
in a wet tube mill to pass a 120-200 mesh sieve, a small (quantity 
of a heavy oil (0 •2-0*3 kg. per ton) being add(*d drop by drop 
towards the end of the operation. Thi5 mixture is then jiassed to a 
large funnel-shaped vessel, in which the coarse particles settle 
whilst the overflow passes to the flotation apparatus proper, which 
consists of a scries of wooden chambers of shnpk? construction 
without moving parts. The froth is produced by blowing com- 
pressed air through the chambers. A minute quantity'of a secret 
chemical is added as a flotation agent. The .foam is broken up 
by a spray of water and the separation of the water is {)est effected 
by pouring into shaking vessels, each of which tips its contents 
into the next. About nine-tenths of the concentrate is thus reduced 
to a water content of 12%, half of which is reFnoved by air drying, 
whilst the remaining one- tenth is filtered through coke. The 
water which separates is used over again. As an example of the 
results obtainable, the galena blende ore of the Friedrich- August- 
Hiitte, containing 36*8% of barytes, yieldetl 85-90% of its zinc, 
87-93% of its lead, and 90% of its silver in the form of a concentrate 
containing only 5% of barytt^s. At Gottesgabc an ore containing 
only 1*5% of copper yielded a concentrate with 32%. Experiments 


' MeMlu. Erz, 1921, 18, 121, ir>2, 177. 
Ibid., 1920, 17, 635. 

12 Ibid., 1921, 18, 197. 
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were made with laboratory rnixturcs of coj)per pyrites and sand 
by W. S. Morley,^-** to determine the effect of various flotation 
agents. Viscous substances, sueh as coal tar, gave bad results. 
The addition of xylidine* with some of the organic chemicals now 
in use was found to be favourable. 

Some of the complex lead-zinc oreS of Idaho, according to C, A. 
Wright, J. C. Parmelee, and J. T. Norton, are very difficult to 
concentrate, on account of the intimate admixture of the metallifer- 
ous minerals with the gangue.^'* Even when crushed to 200-mesh, 
the constituent minerals are imirerfectly separated, but it appears 
that flotation gives a better separation than gravity concentration. 
Ores approximately similar in composition behave differently 
towards flotation agents, the best flotation of galena being obtained 
in allvaline solutions, so that by adding sodium carbonate or some 
equivalent salt, together with tar or char6oa], galena may be 
floated from blende or pyriti‘S, and by subsequent addition of a 
copper salt- and pine oil the blende may be floated, (ffialcopyrite 
is separated from a schistose gangue by addition of coal tar and 
wood creosote. "Antimonial silver ores were found to be difficult, 
and sodium sulphide and cyanide proved to b(‘ useful additions 
to the pulp before floating by means of vegetable or mineral oil. 

An unusual method for the separation of silver from ores con- 
taining that metal and manganeses is described by J. A. Carpenter. 
Recasting with salt at 1000° 0. converts silver, copper, lead, and gold 
into (ihlorides, which are volatilised and collected by means of a 
Cottrell electrostatic plant. The yield is stated to be 95-99%, 
with a small consumption of fuel, oil being used for the purpose. 

Smelting Equilibria. 

ITie me’thods of thermal analysis and microscopical examination, 
which havf' been so fruitfully employed in the study of alloys, have 
been less frequency utilised to throw light on the processes of 
smelting, ajthough isolated workers have obtained good results. 
A series of systematic studies by W. Guertler and K. L. Meissner^* 
is now in course ol publication, dealing with the relations between 
various pairs of me?als and sulphur. When the metals are copper 
and lead, cuprous sulphide is the first to be formed, followed by 
lead sulphide and lastly by cupric sulphide. Although copper 
and lead are immiscible in the liquid state, the presence of sulphides 
causes them to emulsify, so that in practice a single layer of metal 
is obtained in place of two. When the two metals are copper and 
bismuth, the upper layer consists of cuprous sulphide with only a 

” Trans. Amer. Inst. Min. MA. Eng., 1921 ; J., 1921,i702A. 

U.S. Bureau Mine^, Bull. 205 ; J„ 1921, 852a. 

Eng. and Min. J., 1920, 110 , 898 ; J., 1921, 48a. 

Metall u. Erz 1921, 18 , 145. 368, 410, 438 ; J., 1921, 352a. 
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little bismuth, copper having a greater affinity for sulphur than 
bismuth. It is therefore impossible to remove bismuth from 
copper by melting with sulphide. Sulphur decomposes copper 
antimonide, forming cuprous sulphide and free antimony, whilst 
antimony sulphide reacts with metallic copper #3 form cuprous 
sulphide and copper antimonide, according to the proportions. 
Manganese has a greater affinity for sulphur than even copper, 
and this affinity is not modified by the presence of iron. Manganese 
and cuprous sulphides form a eutectic. 

Some binary systems of sulphides have also been investigated in 
Japan. The sulphides of antimony and silver are found by K. 
Konno^’ to form a single compound, SbaSgjAgoS, known in nature 
as miargyrite, without solid solutions. 1). litsuka^® shows that 
antimony and lead sulphides form no less than four compounds, 
all of which occur as minerals, whilst the sulphides of antimony and 
bismuth are found by Y. Takahashi^® to form a continuous series 
of solid solutions. 

Sintering being such an important process in modern ore treat- 
ment, some interest attaches to a study of the sintering process 
by K. Endell.2® Not only low-grade fine ores but also flue dusts 
and other waste products have to be conglomerated for treatment 
in blast furnaces etc., and sintering often proves to be superior 
to briquetting. Chemical reactions, take place between the solid 
materials, and true sintering, which involves the appearance of a 
small quantity of a liquid phase, is largely determined by these 
previous reactions. Both the taking of heating curves and direct 
observation by the heating microscope may be used to study 
the proc,ess. In the microscopical observations the beginning of 
sintering is marked by contraction of volume ai^d rounding of the 
edges. 

Zinc. 

The electrolytic treatment of zinc ores contimies to be a subject 
of discussion. The plant of the Anaconda Copper Miniqg Company 
is described by F. Laist and others.^^ Oxide roasting having proved 
unsatisfactory owing lo the acid plant being unable to supply 
sufficient leaching acid, the furnaces were Altered for sulphate 
roasting. Even with a very high iron content the proportion of 
zinc soluble in 2% sulphuric acid may be as high as 82% provided 
that the temperaffure does not exceed 600° C. McDougall furnaces 
give the best results, especially when provided with the Cottrell 
precipitating device, which returns not bnly dust but sulphur 

Mem. Coll. Sci. Kyoto, 1920, 4, 61. 

Ibid., 1920, 4, 61. 

Ibid., 1920, 4, 47. 

Metall u. Erz, 1921, 18 , 163 ; J., 1921, 394a. 

“ Chem. and Met. Eng., 1921, 24, 246 ; J., 1921, 182a. 
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trioxide to the furnace. The leaching process is complicated, a 
series of tanks being used and two main stages being adopted, 
using first a neutral. and then an acid solution. Zinc dust (made 
specially in an oil-fired a?omising plant) is used for the final removal 
of copper, but a* large part of the copper has been precipitated in the 
first stage by the bases. Rolled sheel aluminium cathodes and cast 
lead anodes are used in the electrolytic tanks, the latter only 
requiring cleaning every month or six weeks. The cathodes are 
easily stripped and only require washing and wire-brushing. The 
zinc is melted in coal-fired furnaces. This is now by far the largest 
electrolytic zinc plant in the world, the Australasian Zinc Co. 
coming second and the Trail plant third, there being no other 
works comparable with these. 

The application of similar inethods to low-grade zinc ores in 
Japan is described by M. Namba.-^ The consumption of the metal 
in Japan is too small to justify a large smelting industry, and wet 
methods are to be preferred. The sulphide ore is roasted and 
pulverised and cxtracte<J with a 20% solution of sodium bisulphate, 
heavy metals being removed from the filtered solution by means 
of zinc dust. After the usual oxidation and precipitation of iron 
and manganese, zinc hydroxide could bo prepared from the filtrate 
by a process described by the author, using milk of lime as the 
precipitating agent, and taking advantage of ))hysical changes in 
the state of agglomeration of the hydroxide and of calcium sulphate. 
Alternatively, the purified solution may be used for the electrolytic 
extraction of zinc. 

There have been many papers on the distillation process for 
zinc. 0. Muhlhaeuser, who has made frequent studies of the 
efficiency of ^e process, has used an experimental retort furnace 
to determiift^ the main sources of loss,^^ and finds that the loss in 
the residues remains practically constant during the use of the 
retort for successive charges, but that the loss of vapour from the 
receiver is large dft first and diminishes as the retort is used. The 
loss through cracks also diminishes in the same way. The author 
is of opinion that insufficient attention is ^aid in the industry at 
present to the sources of avoidable loss, and that much study will 
be necessary. The largest losses are due to the combination of 
zinc oxide with the clay of the retort, forming spinel minerals. This 
occurs when the retort is first used, and may tl^en amount to 25% 
of the zinc in the charge, but the clay is sc^on saturated, and in the 
last charges this loss i%not more than 1 %. 

The methods to be foHowed in the valuation of zinc ores, due 
regard being paid to the losses which occur in the smelting process 
when certain impurities are |)resent, are discussed in an elaborate 

“ J., 1921, 279t. 
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series of articles by Paul.-^ A complex formula is obtained which 
involves not only the zino content and its price, but also the sulphur 
content, the specific gravity of the ore, and ^he cost of unit volume 
of the furnace. This is considered to i^)resent the true value 
much more nearly than the usual formula*. A meihanical charger 
for zinc retorts, similar in priilciple to the overhead charger used in 
open-hearth steel works, is described by J. Thede.^^^ This machine, 
introduced into Belgian works, allows each retort ^o distil a much 
larger quantity of zinc than when hand-charging is practised. A 
study of the formation of zinc dust has been conducted on a labora- 
tory scale by 0. Ravner,-® who concludes that it is better, in order 
to avoid the formation of dust, to keep the temperature of the 
receiver a little above, rather than below, the melting point, and 
that the path of the vapour before condensation should be as short 
as possible. The presence of sulphur in the charge increases the 
amount of dust. Electric furnaces are found by the same author 
to yield a dust containing more oxide and sulphide than that from 
retorts. A good recovery of zinc is obtained by melting the dust 
under a flux of zinc and sodium chlorides, or of zinc and calcium 
chlorides, the latter giving a recovery as high as 9B6%. H. 
Pa week recommends the electrolytic recovery of zino from dust 
by dissolving in dilute sulphifric acid and purifying in the usual 
way before electrolysis. This 'method is particularly suitable 
for the dust obtained when brass residues are smelted for the 
recovery of copper, which contains both oxide and copper. 

The recovery of zinc from lead blast-furnace slags is described by 
G. Courtney.^® Passing the slag through the blast-furnace with 
coke andjimestone allows of the recovery of 60% of the zinc as fume, 
whilst approximately the same amount is recovered by heating 
in an electric resistance furnace without adding any reducing agent. 

Aluminium. 

The metallurgy of aluminium has perhaps received more attention 
than that of any other metal during the past year, especially in 
France and Germany. The monograph by C. Grard, which has 
appeared in an English translation,®® deals fully vdth the mechanical 
properties of the metal and its alloys, but gives only a ’meagre 
account of the manufacture and economic aspects. On the other 

« Metall u. Er£, 1920, 17, 439, 475, 51,jl ; 1921, 18, 59, 126 ; J., 1921, 
305a. 
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2® London, Constable, 1921. 
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hand, in view of the importance of aluminium to France, which 
possesses the principal deposits of bauxit-e, an exhibition was held 
in May last under the ‘auspices of the Societe d’Encouragement, 
devoted to the manufacture and applications of the metal, and two 
issues of the de MUallurgie are mainly occupied by an account 
of the exhibits and by reports of the*lectures given in illustration 
and explanation of them. The exhibition, described in detail by 
R. Guerin,^^ showed the historical development of the manufac- 
ture, the nature and distribution of the ore supplies, and the very 
numerous applications of the metal and its alloys, ranging from 
chemical and brewery plant to electrical machinery and aircraft. 
A good account of the methods of manufacture is given by L. 
Guillet.^2 The important operation of purifying the bauxite before 
electrolysis is nearly always performed by the Bayer process, 
using caustic soda, but the method of Peniald>ff, consisting in the 
use of sodium sulphate, forming sodium aluminate and sulphur 
dioxide, the sodium being recovered as carbonate when the alumina 
is precipitated by carbon dioxide, was in use in two works which 
verc destroyed by the Germans, at Selzacte (Belgium) and Menessis 
(x^isne), respectively. None of the methods depending on the 
formation of nitride has proved commercially successful. 

British Guiana, which has extensive deposits of bauxite and also 
large sources of water power, may become an important centre of 
production. The United States and Norway have increased their 
producing capacity dui’ing the war. France is second only to the 
United States as a producer of aluminium, but Switzerland, 
Norway, and (Canada approach it very closely. 

A review of the prospects of the aluminium industry in ^rmany 
by R. Sternei/F UT)er,'‘3 states that before the war Germany 
possessed ‘onfy a single small factory in which the metal was pro- 
duced, thii being a branch of one of the Swiss works. Owing to 
the scarcity of the metal during the war, and the difticulty of obtain- 
ing it from Switzerfand, no fewer than seven works were established, 
one of whicli, near Berlin, was producing aluminium at the rate of 
3500 tons per annum by the end of 1915. -As Germany has only 
scanty water power* the works, mostly in the neighbourhood of 
Cologne, were supplied with power generated from lignite, and 
conveyed through aluminium conductors. The total capacity for 
aluminium production in Germany now amounts*to nearly 100,000 
tons per annum, but the actual production is about 15,000 tons, 
one- third of which is •exported. The main difficulties are the 
absence of native supplies of bauxite, the deposits in Istria and 
Dalmatia being small and costly, whilst the low-grade ores of 

“ Rev, Met., 1921, 18 , 539. 

Ibid., 1921, 18 , 469. 

Z. Metallk., 1921, 18 , 353 ; J., 1921, 380r. 
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Hesse and from near Salzburg are ditticuit to work, and the fact 
that water power has not yet been employed, although it is thought 
that Southern Bavaria and German Austria could generate electric 
power at a reasonable cost. There is a great demand for aluminium 
in the country, especially for electrical purposes, but it remains to 
be seen whether the works, established to meet urgent war require- 
ments, can continue to operate under competitive conditions. 

No technical advances of any importance have been made in the 
processes of manufacture, but a new metal known as Aludur, 
having a Brinell hardness of 80 and stated to have excellent mechani- 
cal properties as well as increased resistance to corrosion, claims to 
be aluminium improved by mechanical and thermal treatment of a 
secret character. The use of aluminium alloys is on the increase, 
and it is hoped to replace copper, which has to be imported at 
great expense, in many of its applications by aluminium. Attempts 
are being made to devise a suitable method for the extraction of the 
metal from clay, but so far without success, although on a laboratory 
scale the operation has often been pefformi^d. The yields in 
practice appear to be small. 

The Heroult process for the reduction of alumina to the metallic 
state has remained practically unchanged since its introduction, 
and there is no immediate sign of any important modification. 
Aluminium is peculiar in the fact that it cannot be refined after 
reduction without great difficulty, so that any* necessary processes 
of purification must be applied to the ore. For scientific purposes, 
however, it is desirable to obtain metal of a high degiee of purity, 
and experiments in this direction have been described by F. and W. 
Mylius.^ Fractional crystallisation from the molten state yields 
an improved metal, provided that the quantity, of iron and silicon 
(the most usual impurities) is small in the first place, the ‘impurities 
remaining concentrated in the portions last to solidify. ,By stirring 
during crystallisation, and so obtaining a granulated metal, and 
then extracting with dilute hydrochloric aciif, the iron may bo 
almost completely removed, and the yield is much higher than by 
any method of fractional solidification. Using commercial alu- 
minium with 99-58% Al, this method of extraction gives a yield of 
50% of metal of 99-9% purity. The resistance of the metal to 
chemical attack is a direct function of its degree of freedom from 
impurities. * 

An interesting contribution to the metallurgy of aluminium 
is contained in two papers by R. «J. And-rson and J. H. Capps 
from the United States Bureau of Mines, dealing with the gaseous 
atmospheres in various types of furnace used in the melting of 
aluminium. ‘Samples were drawn 'off from each furnace at regular 

Z. mimg, CJiem., 1920, 114 , 27 ; J.,4921, 160a. 

Chem, and Met, Eng,,, 1921, 64 ; J., 1921* 687a, 
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intervals by means of a mercury apparatus. In the stationary 
open iron pot furnace, the metal is only in contact with air, and the 
extent of oxidation or nitride formation depends only on the 
temperature. In closed non pot furnaces air and a little carbon 
dioxide are prtsent, whilst in a gas-fired crucible furnace, the 
crucible having no cover, the atmosplterc consists mainly of nitrogen 
with some hydrogen and oxides of carbon, varying with changes 
in the supply of air and gas. An oil-fired reverberatory furnace 
was found to have a distinctly oxidising atmosphere, whilst closed 
oil-fired cylindrical or egg-shaped furnaces contain more carbon 
dioxide. A Baily granular resistance electric furnace contained 
comparatively little carbon monoxide, owing to the low temperature, 
the same furnace when melting brass cohtaining a much higher 
proportion. An indirect arc rocking electric furnace of the Detroit 
type gave entirely different results. The dA;ss formed contained 
carbide as well as oxide and nitride, and cyanogen was evolved. 
The atmosphere contained as much as 20-40% of carbon 
monoxide, which may perhaps react with aluminium to form 
oxide and carbide, although such an atmosphere would be inactive 
towards copper or brass. The action of gases on aluminium at 
the temperatures employed in the foundry has been very little 
investigated. * 

The paper by Guillet, already quoted, contains a full bibliography 
of aluminium, together with a useful account of the chill moulds 
used in casting aluminium and its light alloys. In casting motor 
pistons, as metallic cores are impracticable, cores made of fine sand 
bound with cither oil or sodium silicate are used. 

The density of solid and liquid aluminium has been d^ermined 
accurately by D Edw^ards and T. A. Moormann.=^^ The density 
of pure annealed aUiminium is very close to 2‘70, falling regularly 
with increasing temperature until the value 2-55 is reached at the 
melting point. For determinations in the liquid state, a silica 
sinker, weighted by having an iron cylinder sealed into it, was at 
first emplctyed, but was found to give inaccurate results owing to 
chemical action between the silica and m^tal, so that a different 
method was adopfed. The vessel used was a double graphite 
crucible, the outer portion serving as a metallic bath to maintain a 
constant temperature, whilst the inner portion was of known 
capacity and w^as fitted with an accurately adjusted lid. This 
portion being filled with aluminium at a temperature slightly 
below that required, ihe mbtal expanded on heating, any excess 
escaping through a fine groove under the lid. The outer vessel 
was then emptied, and the crucible and its contents weighed. The 
expansion of graphite being ktiown, the density could be calculated. 
A shrinkage of 6-6% -takes place in the melting of aluminium, the 

Ibid,, 1921, 24, 61 ; J., 1921, 119a. 
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density of the liquid then being 2*382. At higher temperatures 
the density falls quite regularly, reaching 2*289 at 1000° 0. 

The piping of aluminium ingots has been studied by J. T). 
Edwards and H. T. Gammon,^’ a graphite crucible being completely 
filled with the molten metal and a hot iron plate then pressed down 
so that a knoTim volume of liquid was enclosed. After cooling, 
the volume of the pipe was determined by filling with mercury. 
Whilst pure aluminium gives a pipe of 7*7%, an alloy with 8% of 
copper gives only 3*8%, although the shrinkage on solidification 
is the same in both cases. The reason for this is that the total 
contraction of the pure metal is represented by the volume of the 
pipe, whilst in the alloy part of the contraction is taken up by a 
readjustment of the shell formed at first, so that a considerably 
shorter ingot is obtained. The pipe diminishes with increasing 
copper content to about 10%. Tlie eutectic, which contains 
31% of copper, solidifies at a constant temperature and conse- 
quently shows much piping. 

The use of aluminium in place of copper for electi’ical purposes 
in France is strongly urged in the national interest by E. Dusau- 
gey.®® Copper must be imported from abroad, whilst all the 
aluminium required can be produced at home from native ores. 
For long-distance transmission Jincs, one of the most important 
practical applications, the supports required need be only of the 
same height as for copper when the span does not exceed 50-80 
metres, but when the span is 100-200 metres higher supports are 
necessary, on account of the greater sag. This difficulty may be 
overcome by providing the cable with a core of doubly galvanised 
steel wiff . Specifications for such complex cables of two different 
types have been adopted in France, and the amount of sag is shown 
to be considerably less than with copper cables, and therefore much 
less than with aluminium cables without reinforcement. One 
such cable has been in use for the last three years, conveying 
current at 60,000 volts, and has shown no deterioration. It remains 
to be found by experiment whether such cables arc 'capable of 
transmitting the high-frequency currents used in multiple telegraphy 
and telephony. The paper contains extensive^ tables showing the 
comparative physical and mechanical properties of copper and 
aluminium conductors. Records of the experience of a number of 
German electrical, works with aluminium transmission lines have 
also been published by Wunder.^® The mechanical properties of 
such lines appear to be quite satisfac^ory. »Where difficulties have 
occurred the cause has usually been chemical deterioration, either 
at the points of support, where contact with other materials occurs, 


^ Ibid., 1921, 24 , 338 ; J., 1921. 
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or at welds. Great care in maKing welds and junctions is required, 
and all joints and contacts should be well protected by a coating 
of a flexible insulating Viarnish. 

Magnesium has been used to a limited extent in place of aluminium 
for engineering laonstruction, this exceedingly light metal having 
excellent mechanical properties in tfle form of sheet, whilst it is 
easily protected in the mass against oxidation by a thin layer of 
varnish. Care has to be taken in the machine shops on account of 
the ready inflammability of magnesium turnings.^® 

Aluminium vessels are stated by Trillat^^ to be very suitable for 
use in the brewing and dairy industri(‘.s, but the metal must bo well 
rolled and polished, otherwise micro-organisms may lodge in the 
porous portions. It has been shown that there is no chemical 
attack by the acids of beer or milk, but washing with soda must 
be avoided and all vessels must bo washed oifL after use, especially 
when salt has b(‘nn used, as in cheese making. Aluminium con- 
densing worms have been successfully used in distilleries and casks 
of the same metal may Ijp employed, except for red wines, in which 
precipitation of the enlouring-matter may take place. 

The most important contribution to our knowledge of light 
aluminium alloys that has been made for some time is the eleventh 
report to the Alloys Research Committee by W. Rosenhain, S. L. 
Ai'chbutt, and D. Hanson.'*- Many of these alloys are characterised 
by secular changes, known as age-hardening, which were first 
observe^d in duralumin. In this report the phenomenon has been 
definitely related to the solubility of magnesium silicide, Mg 2 Si, 
in the solid alloys. The solutions obtained by quenching arc 
unstable and gradually change to a very intimate mature of 
aluminium and/l''^ silicide which remains without further alteration, 
certainly' for a period of years. Ageing at about 200° gives 
better mechanical properties than are obtained ^at a higher or a 
lower temperature. The age-hardening of copper-aluminium alloys 
containing no magnesium is much less striking, although the 
compound* CuAlg, to which American observers have attributed 
the effect, does behave in a somewhat similar fashion. Alloys 
containing a larger^' percentage of zinc arc much less susceptible to 
change. The increase of strength on ageing is not accompanied 
by any loss of ductility. Other papers on the age-hardening of 
aluminium alloys have been published reccntl;y, including one by 
0. Grard,^® which contains i^any mechanical tests, but none are of 
equal importance to this report. 

A remarkable alloy de".cribed in the report is that known as 

7j. MetallL, 1921, 13, 316.* , 

Rr.v. Met., 1921, 3,8, 697. 
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“ Y,” containing 4% of copper, 2%. of nickel, and 1-5% of mag- 
nesium. Heat-treated castings of this alloy are specially resistant 
to stress, either direct or alternating, at liigh temperatures, and are 
therefore very suitable for engine pistons. A cheap and useful 
alloy of high tensile strength contains 3% of copper ^nd 20% of zinc. 

Several series of ternary aluminium alloys have been studied, so 
far as concerns their casting properties and mechanical strength, 
by M. Waehlert.^* A useful account of the process of freezing of 
aluminium alloys containing copper is givt‘n by J. D. Edwards. 
The densities of several alloys in the solid and liquid state have 
been determined, regular curves being obtained, and from these 
results the possible segregation during freezing has been calculated. 
Among minor investigations may be mentioned the study of the 
influence of cerium on aluminium and its light alloys by J. Schulte,^® 
the results showing that comparatively little advantage is gained 
by the addition of that expensive metal, and one on the influence 
of iron on aluminium castings by L. Guillet and A. Portevin,^’ 
increased hardness and brittleness being observed. An alloy for 
which large claims are made is known as silumin.^^ Jt is stated 
to contain 14% of silicon without other alloying elements. It is 
suggested that it might be prepared by a direct process of electro- 
lysis, and if this claim were to be substantiated it might be possible 
to utilise some of the deposits ‘of bauxite which are at present 
rejected on account of their high silicon content. Some form of 
heat-treatment ai)pears to be necessary. 

Copper Alloys. 

Several papers on matters connected with the brasses were read 
at the autumn meeting of the Institute of Metals. The relation 
of the density to the composition and to the casting conditions has 
been determined by T. G. Bamford,^® who finds a cqpsiderable 
divergence between the values for alloys cast in sand and in chill 
moulds respectively over certain ranges of* composition. R. 
Genders®® recommends the use of a fireclay dozzlc in esAsting brass 
ingots, and it is surjjrising that this simple device, so familiar in 
steel crucible melting, has not been more wiejely adopted in the 
non-ferrous industries as a means of obtaining sound ingots. The 
same author®^ has investigated the defect often found in extruded 
brass rods, and concludes that it is caused by mechanical stresses 

4* Meiall u. Er^, 1921, 18, 298 ; J., 19^1, 547a. 
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due to the mode of flow. He recommends the, use of a hollow ram 
through which the extruded rod can issue, hut this is open to the 
objection that budding would take place very readily. It was 
shown in the discussion tftat where sound ingots were used and the 
parts of the pross were properly proportioned, extrusion defects 
were rare. Some further light has llben thrown on the transfor- 
mation of brasses at 470“ C. by determinations of the specific heat 
by y. Doerinckcl and M. Werner. The discontinuity presented 
by this property at 470“ C. mostly disappears on annealing, and 
th(i specific lieat then varies in a linear manner with the temperature. 
F. Doerinckel and J. Trockcls^^ have determined the work done in 
deforming brass of various compositions at high temperatures. 
Hot-working is possible even with 2S% of zinc, the work required 
at 800“ C. being one-eighth of that at 200“ C. The work increases 
with increasing zinc contemt up to 15% and ther rapidly diminishes, 
becoming very small in the two-phase region of composition. 
The formulae of Quillet, usually adopted for the calculation of the 
‘ equivalent ’ quantities of other metals replacing zinc in complex 
brasses, are challenged l?y W. Guertler,^^ who seems to overlook 
the fact that the formulae are only intended for use when the quantity 
of the added element is too small to give rise to the formation of a 
new constituent. • 

The effect of several impurities on the properties of gun-metal 
and similar alloys has been studied. R. T. Rolie*^^ concludes that 
the addition of lead up to at least 1% improves the properties of 
Admiralty gun-metal, especially in the form of sand castings, but 
that alloys consisting only of the alpha phase arc somewhat weakened 
by lead, although their working quality is improved. The jy^pposed 
improvement ol the strength of gun-metal by the addition of lead 
is probably duc/to Mie deoxidising action of the added metal, and 
it is the general experience of founders that where adequate pre- 
cautions arc taken to avoid oxidation, much better mechanigal 
tests are obtained without lead. J. Ozochralski'^® finds that lead, 
even up to (i%, improves the fluidity and machining quality without 
adversely affecting the mechanical properties^ but this author states 
that such quantities of lead pass into solid solution, and that free 
lead does not make its appearance under microscopical examination 
until the quantity approaches 10%, an observation quite inconsistent 
with previously accepted data, (-zochralski has also examined the 
effect of increasing proportions f>f antimony.^’ and of arsenic®* on 

“ Z. anorg. Chem., 115/1 ; 1^)21, 47:U. 
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gun-metal, arriving at the conclusion that these impurities are 
innocuous below a limit of 0*3% of each. 

Evidently with the object of discovering a thermo-element of 
sufficiently high efficiency to serve as a sdurce of power, the German 
Coal Research Station has ex 2 )erimented with alh'ys which seemed 
to promise a more favourable thermo-electric power and ratio of 
thermal to electrical conductivity than those usually employed, 
and the phosphorus-copper alloys have been examined in this way 
by G. Pflciderer,^" with disappointing results. The highest values 
have, so far, been obtained from alloys of antimony and cadmium 
in atomii; proportions, examined by F. Fischer and G. Pfleiderer.*® 
These alloys change their properties in a high degree on heat 
treatment. 


Zinc and its Alloys. 

The high cost of copper has led to many attempts to rejilace 
copper alloys, such as brass and bronze, by alloys containing some 
cheaper metal as their principal constituent. Among these, zinc 
has received most attention, aluminiurrt having been dealt with 
above. The variation of properties of pure rolhjd zinc with the size 
of grain and mechanical condition has been studit^d by D. H. 
Ingall,®’ who shows the great .increase in strength produced by cold- 
working, and the grain growth, associated with brittleness, produced 
by annealing at 200° C. Many experiments have also been made 
with this metal by E. H. Schultz and several collaborators.®- The 
foliation sometimes observed in the sheet metal is attributed rather 
to differences in the method of rolling than to the presence of any 
particular impurity, and this is the experience of other workers, 
although the defect has not been fully explained. It ajipears that 
rapid reduction by heavy drafts is disadvantageous. The best 
working temperature is 120° 0. The tensile strength is considiTably 
improved by alloying with copper up to 2*5% or with* aluminium 
up to 4-5%, but the ductility is diminished, copper being the better 
alloying metal of the two. For cast alloys, such a^, shell fuses, 
E. H. Schulz ®“ finds that 4-6% of copper and 2-3*5% of aluminium 
may be added, whilsl for some castings these quantities may be 
slightly increased. The alloys must not be overheated, and should 
be cast in chill moulds, with large heads. Lead, iron, and tin are 
all injurious impurities. A mctallographic investigation of the 
alloys of zinc with limited amounts of copper and aluminium has 
been conducted '‘by J. L. Haughton and K. E. Bingham.®^ The 
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system thus studied is Very complex, and the eutectic is of an 
unusual kind. Among other alloys, Hanzsel*® mentions one 
containing 70% zinc anij the rest aluminium as having been used 
in Germany to replace bra!fes, but as too brittle to bo very valuable. 
Some of the alloyi richer in zinc could be improved by hot extrusion. 
One of the alloys containing copper and aluminium has been largely 
manufactured under the name of Tenax metal, mainly in the 
extruded state. Its nu'chanical pr()pertics and behaviour towards 
corroding agents arc descalbcd by W. Schulte.®* 

Bkaiung Metals. 

A large work on these alloys has been published by J. Czochralski, 
and some chapters of this have appeared separately.®’ The chief 
effort in re(u*nt years has been to find suitabk^ substitutes for the 
costly tin, and alloys with a k^ad basis have found most application. 
Barium has been widely used as a hardening element for lead in 
place of tin and antimony, and the lead-barium alloys have the 
closest resemblance in structure to those with a tin basis. The 
hard compound has the formula BaPba, and small additions of 
sodium arc found by J. Czochralski and E. Rassow®* to improve the 
structure. Calcium is rather inferioy to barium as a hardening 
element, but is used in the same way. It is claimed that lead 
hardened by barium is even superior to red bronze for heavy 
machine bearings, and decidedly superior to all alloys with a tin 
basis. The behaviour of various bearing alloys on re-melting is 
described by B. Simmcrsbach,** whilst J. R. Freeman and R. W. 
Woodward’® have determined the properties of several such alloys 
at high temperatures. The newer alloys, with barium or offier less 
common metals,>s' re not tested, but alloys with a tin basis were 
found to be considerably better than those rich in lead when loaded 
at temperatures approaching lOO^^C. Moderate additions of lead 
to tin alloys are wi^iout much harmful effect. 

Amongst miscellaneous alloys, nichrome has now assumed great 
importance, on account of its remarkable resistance to high tem- 
peratures, and of its useful electrical properties. The inferior 
quality of much of^ho metal manufactured during the last few 
years is traced by M. von Schwarz to the replacement of a large 
part of the niclcel by iron for the sake of cheapness, such wire 
oxidising rapidly. 
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The metallurgy of ductile tungsten presents many interesting 
features, and an article by A. 0.’^ contains some additional 
details of the methods now practised. Tlie brittle rod of tungsten 
is sometimes enclosed in a shell of copper, iron, or nickel, so that 
it may be drawn at a r('d heat, the coating being aftvjrwards removed 
by chemical means or by elbctric sputtering. In another process 
the tungsten is mechanically mixed with nicked, and the compound 
wire then drawn, an alloy being formed, from which the added 
metal is subsequently removed by volatilisation in a vacuum. The 
swaging of sintered rods is a simpler process, but^ an interesting 
detail is the pointing of the win‘,s for further drawing. Filing and 
grinding have proved to be impracticable, and two methods have 
been adopted, oikj of which consists in oxidising the end of the 
wire in a gas llanu^, a conical sludl of oxide being obtained, which is 
then detacduul, whilst the other makes use of an (‘b'ctib; disdiarge 
between the point of tJie wire and another el(*('trode in dilute 
sulphuric acid, using a high current dt^nsity. Colloidal graphite, 
tungsten sulphide, and oil rendered viscous by cooling in carbon 
dioxide and ether, are used as lubricants during di’awing. The 
final reduction in thiclmess, whcji the diameter is so small that the 
preparation of the diamond dies is difficult, is effected electrolyti- 
cally, the wire being first made the anode in an alkaline solution, 
which cjauses the formation of a laycu' of oxide, and then the cathode 
in an acid bath, so that the oxide is dissolveil. It is evidimt that 
the production of such thin wires of a highly refractory metal 
introduces quite new jiroblems into metallurgy, which have to be 
solved by entirely novel methods, of great scientific interest. The 
produc'tkm of tungsten lamp filaments is one of the triumphs of 
recent metallurgical science. 

Corrosion and Protection of Metals. 

There havc^ been no extensive researches on corrosion during the 
year, but many workers have examined minor questions and 
obtained results of some interest. The black d(‘posit formed on 
aluminium when vessels of that metal arc used continuously for 
heating water has been examined by J. (Jzochralski,’^ who finds 
that the blackening occurs with all commercial grades of aluminium, 
that the deposit contains about three times as much iron and 
silicon as the metal from which it is formed, and that it is only in 
alkaline waters that the action takes^ place. Under the microscope 
it is seen that the aluminium-iron compound is the first to be 
attacked, and that the iron is then re-deposited at some distance. 
In strongly alkaline waters, the attack is more rapid, but the 
deposit does not adhere. 
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J. C. Thresh shows that water alone is without action on lead, 
and that the corrosion observed is due to the action of dissolved 
oxygen, forming a soluble hydroxide, which either passes into a 
colloidal condition, or combines with other dissolved substances 
to form soluble hr insoluble lead salts. Some salts are deposited 
on the metal in such a way as to protect against further corrosion, 
whilst others are continuously remov(‘d. The curious variations 
in the r(\sistance of sheet lead to attack by sulphuric acid when 
used in chemical plant have been studied by W. G. McKellar,’^ 
according to whom the ])hysical condition of the sheets is of great 
importance, intercrystalline brittlem^ss being soim^times observed. 
Tt has not been found possible to establish a relation between the 
chemical composition and the resistance to acid, and the supposed 
protective value of copper as a constituent has not been confirmed. 
Inclusions of l(‘ad oxide cause rapid (jorrosion.* 

The controversy as to the nature of the erosion of marine propel- 
lers of non-ferrous alloys has been renewed. 0. Silberrad’® holds 
that the action is a medianical one, and can be imitated by the 
action of a jet of water impinging on the propeller with a high 
velocity, and that the beta brasses are more resistant than those 
which are made up of two jjhases. On the other hand, W. Ramsay ” 
maintains that the action is electrochemical. The experirntmts of 
(■arpenter and others have, however, made it clear that cavitation 
is responsible for the effect, which is only observed at very high 
speeds, and that erosion is therefore a special type of decay, 
mechanical rather than chemical in its nature. 

Experiments to tc'st the comparative value of different metallic 
coatings for pr(‘serv"ation against rusting and other forms of coiTosion 
have been mada by W. Langc.'^® Hot-dipping in molten tin or 
zinc, cold electrmyTic dej)osition of zinc, tin, or lead, spraying with 
metal by yie 8choop process, and deposition from vapour, as in 
Sherardising, have been systematically compared, with results 
which are interesting in themselves, but do not lead to definite 
general conclusions. It is evident that coatings of very unequal 
value may bo obtained by the same process by making slight 
alterations in the conditions. The method of calorisation is 
described by L. Guiilet.’® Iron, steel, copper, bronzes, and nickel 
may be protected in this way. The objects to be coated are heated 
to about 850° C. in a revolving oven in a mixture composed of 
aluminium 49%, alumina 49%, and alurainiuip chloride 2%. 
Any machining must b% performed before the metal is coated. A 

Analyst, 1921, 46, 270 ; J., 1921, 627a. 

J., 1921, 137t. 

'« J., 1921, 38t. 

” J., 1921, 65t. 

Z. Metallk, 1921, 18, 161, 267 ; J., 1921, 647a. 

Rev. Met, 1921, 18 , 286. 
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superficial layer of an alloy is fornied, and this is protected by a 
firmly adherent layer of alumina. The special advantage of this 
coating lies in its high resistance to oxidation when heated. At 
temperatures of 700°-800° C. the nietal usually lasts from 5 to 20 
times as long as if it were uncoated. > 

The Schoop process of metal spraying has now been in existence 
for about ten years, and has been greatly improved during that 
time, so that it competes successfully with both hot galvanising 
and electrolytic processes for the protection of metal. A convenient 
form of the process is described by N. Meurer.®® The small objects 
to be treated are placed in a revolving drum, in which they can be 
exposed, first to a sand blast in order to prepare the surface, and 
then to th(i metal spray from an oxy-hydrogen apparatus. Several 
modifications of the machine are described, suitable for spraying 
with diffei’ent metals. The application of zinc is continued for 
8-10 minutes, the objects being heated to 80°-100° C., whilst 
lead must be so applied as to form a much thicker layer, and about 
30 minutes is required. For aluminium, 50 to 75 minutes at a 
temperature of 150^-200® C. is necessary. Thicker layers must 
bo applied if the surface is to be ground or polished aftea: coating. 
Copper may be applied, but in this case the coating is dark in colour, 
and must bo brightened by dipping in nitric acid. 

Season-Cracking. 

The subject of season- cracking and of similar failures in metals 
has engag(^d the attention of many metallurgists during the past 
year. At the Spring meeting of the Institute of Metals, an impor- 
tant paper on the season-cracking of brass was contributed by 
H. Moore, S. Beckinsalc, and C. E. Mallinson,®^ the conclusions 
reached being that such failures are always due to stresses, mostly 
internal, and a^re usually connected with corrosion by certain 
specific agents, of which mercury and ammonia are the most 
important. The cracks are intcrcrystalline, and start where 
the metal is in tension. Annealing at a temperature so low as to 
cause no appreciable loss of hardness will completely remove the 
dangerous stresses. The Faraday Society do^oted a meeting to 
the subject, and the papers have been published in volume form.®^ 
One interesting case of intercrystalline failure there described is 
that of lead sheathing of cables, investigated by L. Archbutt. 
This is a time effect, usually connected with a weak crystalline 
structure. Moore and his colleagues dealt with the process of 
low-temperature annealing, and 0. W. Ellis showed how successful 

Metall u,,Erz, 1921, 18, 384 ; EUJctrochem. ZcU^., 1921, 27, 102, 114 ; 
^8, 5, 13; J., 1921, 852a. 

J. Inst. Metals, 1921, 26, 36 ; J., 1921, 221a. 

Trans/ Faraday Soc., 1921, 17 [1] ; cj. J,, 1922, 105a. 
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this treatment had been in removing trouble caused by the cracking 
of brass rods at Woolwich, Arsenal during the war. A large group 
of papers was devoted *tg steel, but the whole volume should be 
studied by those who arc interested. The facts have been estab- 
lished very clearfy, but doubt still exists as to the explanation of 
them. Rosenhain’s theory of amorphous layers between the 
crystals holds the field, as no other has yet succeeded in explaining 
more than a small number of the facts, but its acceptance is theoreti- 
cally difficult. One question naturally asked by engineers is, 
why do not all metals fail even under small stresses if continued 
during a sufficiently long time ? The study of strained metals by 
means of X-rays may throw light on the problem, and this has been 
undertaken by S. Nishikawa and G. Asahara,®^ and by E. C. Bain 
and Z. Jeffries,®^ the results not being as yet conclusive, although 
useful indications have been obtained. * 

It would be improper to conclude even such an imperfect record 
of the year’s work in non-ferrous metallurgy as this without a 
mention of the scientific* investigations bearing on the formation 
of new crystal grains during the annealing of metals and alloys after 
cold-working. The paper on the recrystallisation of aluminium 
sheet by H. C. H. Carpenter and C. Elam®^ showed, more clearly 
than ever before, the origin of the now crystals at the boundaries 
of the old, the authors having overcome the practical difficulties 
of obtaining clearly etched structures in worked metal. The results 
were confirmed by a few observations on brass and on an alloy of 
aluminium and zinc. The conclusion was reached that the origin 
of the new crystals is always at a boundary between crystals or 
between twin lamellae. There are other observations whi(?h tend 
to show that all/retals do not behave alike, and F. Adcock®® has 
succeeded in etching 80 : 20 cupro-nickel in the worked state so 
clearly that the boundaries can be traced quite distinctly even after 
large reductions in the rolls. He uses electrolytic methods of etch- 
ing. A most remarkable advance has since been made by Carpenter 
and Elam.®^ By. straining very slightly before annealing, these 
authors have succeeded in producing such excessive grain growth 
that full-sized tensile test pieces come to consist of a single crystal. 
As might be expected, these specimens no longer exhibit the quasi- 
isotropy of ordinary metallic masses, but become deformed in a 
manner depending entirely on the orientation of the crystal to the 
applied force, with most remarkable results. Tlfe importance of 
this development cannot be over-rated, as it is essential to the full 

Phya. Rev., 1920, 16, 38 ; J., 1921, 516a. 

Chem. and Met. Eng., 1921, 25, 775 ; J., 1921, 852a.* 

J. Inat. Metala, 1921, 26, 259 ; J„ 1921, 222a. 

«« Ibid., 1921, 26, 361 ; J., 1921, 702a. 

Proc. Roy. Soc., 1921, 100a, 329 ; J., 1922, 17a. 
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knowledge of the plasticity of metals that the properties of isolated 
crystals should be known, and practical difficulties in the way of 
testing such crystals have hitherto ])roved an insunnountablo 
obstacle. Equally interesting results were olitained from such 
test pieces as consisted of two or three crystals, and light may 
thus be thrown on the still unsolved problem of the nature of the 
intcrcrystallinc boundary. 
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ei!e( ;teo-( m emt.cai. and 

ELPXrriiO-METALLlDMJK’AL TNDUSTRTP:S. 

By J. N. PiiiNcj, T).S(J., 

liesmrch Ikparlnmit , Itoijal Arsenal, Woohncli. 

The (‘l(‘ctro-clioiTiical and (‘locti-o- metallurgical industries, in 
common with other industries, have sulTered from the continued 
industrial depression which has extended throughout the year. 
In this country blast furnaces and steel plantij have been forced to 
stand idl(i generally, and though some signs of revival are now 
apparent, there has becai little or no (h^rnand for the high-class 
ingot steels and alloys which were mad(‘ in the electric furnace at 
Sheffield and (dscwdiere (hiring the war. Fn addition to the effects 
of the shortage of coal resulting from the disjmtc^ w/hicdi extendt^d 
over a portion of the year, a serious curtailnu'nt in powt'r supplies 
has also been QXperienced in water-ppw er ccuitres, as in tlie French 
Aljis,' Italy, Switzerland, and Scandinavia, from tlu' prolonged 
drought. These factors hav(‘ l(‘d to a considc'rable reciuction in 
the output of electro-chemical products, undersidling, and a fall 
in prices. In the ease of some of the main products the prices 
obtaining at the beginning and (md of the year arc as follows' : — 


i Beginning 1921. 

End 1921. 

Calcium carfiide 

£20 per ton • 

£15 per ton 

AluminiTim . . * . , 

£1.50 

£110 

Ferro-Hilicon, 45% 

£18 

£13 

Ferro-chrorniinn, 0 S%,C 

£37 

£25 10 

Ferro-chromium, J C! 

£10G 

£91 

Ferro 'tun gaton, 80° ,', 

2.'() })er lb. , 

1 .'5 per lb. 

Ferro -manganeso . . . . ■% 

• 

£22 per ton * 

£14 per ton 

Ferro -molybdenum, 70^’,', 

7/(1 por lb. 

6 /9 per lb. 

Ferro -phosphorus, 20% . . , • . 

£48 per ton 

i 

£18 por ton 

Ferro-vanadium, 35% . .• 

32/- por lb. 

20/6 per lb. 


1 J. du Four Eke., 1922, 31, 1. 
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The slump in the market for ferro-alloys which have a large outlet 
in armour-plate manufacture has been accentuated further by the 
decisions Cf the Washington Conference, and, particularly in the 
case of ferro- tungsten, through exports from Germany. In the 
'case of calcium carbide production large works* in Scandinavia, 
such as those at Odda, have suspended operations, and Swiss works 
have diverted power supplies to traction and lighting on account 
of the importation of carbide from countries with depreciated 
exchanges. 

With regard to electro-metallurgical practice, the main advance 
which has been made during the year is in the direction of continuing 
to apply electric furnaces to deal with wider ranges of temperature 
than were formerly considered possible. There has been an increased 
demand for electric furnaces to operate up to 2000'' F. (1100" C.) 
to be used for a gi'eat variety of heat-treating operations. The 
main advantages which arc thus obtained ai*e the rapidity with 
which the temperature can be raised, and the case with which 
uniform heating can be ensured througljout the charge and the 
temperature controlled automatically. The chief applications of 
these furnaces have been in the annealing and hardening of struc- 
tural steel, the melting of non-ferrous metals and preparation of 
alloys, the baking of vitreous’ enamel, and the annealing of glass. 
In some localities it has further been found practicable and economi- 
cal to utilise electric energy for generating steam. 


Developments in Power Generation. 

The operation of electro-chemical and clpctro-metallurgical 
processes is largely conditioned by the availability of large amounts 
of power. The progress which is being made in the ct'nstruction 
of large steam-power stations continues to counteract the disabilities 
that the lack of large w'ater powers have imposed on this country 
in the past. In large industrial centres in Great Britain electric 
power is supplied at a rate w^hich enables various electro-chemical 
processes to compete with works abroad and with older fuel-heated 
processes in this country. In the North-East Coast District, 
including Northumberland and Durham, the Newxastle-on-Tyne 
Electrical Supply# Co. and other interlinked companies were, at 
the beginning oS 1921, supplying a^ total of 480,000 h.p.^ The 
decreased demands due to cessation of work in munitions factories 
and other w^ar industries were, in spite of the trade depression, 
made good by industrial demands. 

With referen6e to water powders, the position in this country is 
discussed at length in the Final Report of the Water Powder Resources 

2 Ekctrician, 1921 , 87 , 258 , 286 . 
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Committee of the Board of Trade, which has recently appeared.^ 
It is concluded by this, Committee that in Great Britain some 

210.000 k.w. could be dejt^eloped continuously from potential water 
powers at an economic rate. This output is about 40% of the 
total units generated during the year 1917-18 in the 410 steam power 
stations for electriciity supply and for electric railways and tramways 
in Great Britain, and represents the equivalent of some 3,000,000 
tons of coal consumed in power production. This estimate does 
not take into account the power to be derived from potential water 
resources, for which the Committee has insufficient data to enable 
(estimates to b(i deduced. As for Ireland, the Sub -Committee 
estimated an available continuous potential water power of 

113.000 kw. The Committee reiterates its previous recommen- 
dation with regard to tidal power schemes, viz., that this subject 
should be specially studied by a technical com*missi()n, with particu- 
lar reference to the Severn Estuary, in connexion with whicli a 
considerable amount of information has already been accumulated, 
and which is believed ^o present the best x>rospect of success in 
(jomparison with other tidal schemes. Scotland is shown by 
the (commission to offer a number of comparatively large schemes. 
Nine of the more immediately promising of those examined have 
an average output ranging from 7()0() to 40,000 continuous h.j)., 
and an aggregate capacity of 183,000 h.j). In North Wales a 
number of attractive schemes arc available, though these are 
in general more expensive than those in Scotland. In England 
there are no schemes of any large individual magnitude except, 
possibly, around Dartmoor. It is expected that, in the near 
future, the Lochaber scheme will be developed whereby 72,000 
continuous h.p^will be generated and employed for the manu- 
facture of aluminium' 

In a liresidcntial Address to the Engineering Section of the 
British Association,^ A. H. Gibson gives statistics of the potential 
and developed w^ter jiower in different countries. The available 
water powbr of the world is sho’wm to be of the order of 200,000,000 
h.p., of which approximately 25 millions is at present develop(?d 
or in course of development. An increasing jiroportion of water 
power is being used for electro-chemical and electro-metallurgical 
processes. In Norway, for instance, the electro-chemical industry 
in 1918 absorbed 770,000 h.p., or approximately 75% of the total 
output. Of this some 400,000 h.p. was utilised in nitrogen fixation 
alone. According to *11. A* Winne,® the total installed kv.-a- 
capacity of electric steel furnaces in United States in 1921 amounted 
to 400,000 h.p. 

* H. M. Stationery Office, London, 1921 ; J., 1921, 43?Ie. 

* “ Notes on Water Power Development," Report of 1921 Meeting, 
pp. 110-124. 

“ Oen. Eke. Rev., 1921, 24i 610. 
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Recent progress in hydro-elcctric development is mainly notice- 
able in the increase of the size of individyal turbo-generator units. 
In the Queenston-Cheppawa project at Nijigara Falls, units having 
a maximum capacity of 55,000 h.p. under a head of 305 ft. are, 
at the jiresent time, being installed. In the case Af low-head tur- 
bines, important progress is being made in increasing the speed of 
rotation, the low value of which has so far offered a serious limitation 
with these turbines. 

Tidal Power. —It is pointed out by Prof. Clibson that the power 
obtainable from the suggested Severn installation alone for a period 
of 8 hours daily throughout the year, would be of the order of 450,000 
h.p. Th(^ only practi(;able me.ans of utilising tidal energy on any 
large scale would appear to involve the provision of one or more 
dams, impounding the water in tidal basins, and using it to drive 
turbines. The interihittent supply thus obtainiid would involve 
the adoption of some form of storage system or th(' opi^ration of 
intermittently- worked electro-chemical processes. 

In France, a special commission has J)oon appointed by the 
Ministry of Public Works to considi^r the developmcmt of tidal 
power, and it has been decided to erect a 3000-kw. experimental 
plant on the coast of Brittany. 

A detailed description, with illustrations and diagrams, of water 
powers from geographical, engiiK^ering, and industi’ial aspects has 
been given by F. Robinson.® This discussion includes an outline 
of all the main water powers which have been developed or are 
under consideration in different countries. 

G. Fox and F. H. Willcox’ discuss recent developments in the 
generation of power from blast furnace gas. The tedinicpie of the 
handling and cleaning of the gas is described, , numerous recent 
installations are cited, and the developments in design are 
summarised. 

Laboratory and General Electric 'Furnaces. 

E. Griffiths ® gives a detailed description of the different types of 
laboratory and industrial furnaces at present in use. These include : 
(1) wire or ribbon-wound tubular furnaces, (2) graphite spiral fur- 
naces, (3) carbon tube furnaces, (4) tungsten and iridium tube 
furnaces, (5) zirconia-yttria tube furnaces, (6) granular resistance 
furnaces, (7) induction furnaces for low and high frequency, (8) 
arc furnaces, (9) cathode-ray furnacesi, 

F. Rawlinson® gives a general outline of tte principles of electric 
smelting furnace operation, with diagrams of different types. 

« Beama , 1921«, 9, 224, 351, 451. 

' Tower , 1921, 64 , 706. 

» Beuma , 1921,9, 12, 145,264. 

" Bemna , 1921, 8 , 14, 140. 
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M. Gillot and M. V. Guillerniin give a general discussion on 
electric furnace operatioi^ including current supply and the proper- 
ties of electrodes and linings. 

The Tagliafcrri furnace, which has been recently introduced, 
is of the arc type for use with three-phase curr(‘nt. The arcs arc 
formed between vertically-suspended electrodes and either the 
surface of the bath or auxilliary side electrodes. Tlie voltage between 
each phase is 100 to 130. Units have been constructed up to a 
capacity of 30 tons. 

Fj. F. Northru]) describes the design, operation, melting rate, 
and power input of furnaces using high-frequency inductive heating. 
Recent jirogress is outlined and a description giviui of various 
types of furnaces in sizes up to GO kw. The furnaces consist of a 
cylinder of flattened copper tubing wound edgewise, the inside of 
which is fitted with a refractory cylinder containing the metal 
to be heated. Current of a periodicity from 10,000 to 25,000 cycles 
per second is applied to the cylinder and the heat is generated 
in the centre by the “ ctldy ” effect. 

A new typo of induction furnace designed by the General Electric 
(Company employs a jirirnary winding above the bath and in close 
proximity to the metal. The reaqtanee is thus lowered and the 
use of a current of normal jieriodieity made jiossible in place of 
the low periodicity of the other tyqies of induction furnaces. In a 
unit of 2 tons capacity, consuming 250 kw., when melting down 
scrap, the energy consumption measured at the transformer 
terminals is 775 kw.-hours per ton of metal formed and the time per 
heat is 2J hrs. An improvement in the refractory lining has 
enabled over GOO heats to be obtained during a run extending 
over 3 months. > 

c 


Electrodes. 

According to J. W. Richards’^ tlui Soderberg electrode is rapidly 
replacing the older types. In Norway, at one of the metallurgical 
plants, an electrode of this type carries 1000 amps. At an electric 
steel plant a tiltirfg Heroult furnace is equipped with these elec- 
trodes which are fed in sections 2 metres long. At another plant 
large aluminium-cased Soderberg electrodes up to 18 inches square 
have been applied to aluminium cells. The consumption of the 
electrode in the bauxite ba^i is very imifoi m, t^ic end of the elec- 
trodes remaining parallel. 

J" Foundry Trade J., 1921, 23 , 535. 

J. du Four Elec., 1921, 30 , ^3. 

11 Chem. and Met. Eng., 1921, 24 , 1097 ; J., 1921, 220a. 
la Iron Age, 1921, 108 , 344.* 
i* Chem. and Met. Eng., 1921, 25. 687. 
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Electrode Regulators. 

An improved type of automatic olech*ode regulator has been 
introduced by the General Electric Co.,^® by which a notably even 
load is obtained in the power circuit when operating arc furnaces. 
A further new type of regulator which resj^onds rapidly to fluctua- 
tions in the resistance and thus offers a steady load to the pov^r 
supply, is that recently applied by Mylius.^® 

Electeic Smelting of Iron Ore. 

Recent developments of the works at Domnarfvet, in Sweden, 
are describ(‘d by G. Do Goer.^’ During the w'ar it was nec^essary 
to abandon the manufacture of coke ])ig-iron on account of the 
shortage of fuel. At the present time six ck^ctric pig-iron furnaces 
are built or in course of construction, live of the Elektromctall 
and one of the Helfensknn type with a total capacity of 31,000 kw. 
Electric steel furnaces are also being installed for melting cold 
scrap. Experiments made to dispense with charcoal have shown 
that good results are obtained with mixtures of of coke and 
50% of charcoal. With a higher proportion of coke the output 
decreased and results obtained were poor. The difficulty with 
coke in iron ore furnaces is mainly due to its graphitisation, which 
leads to too great a fall in resistance and is found to take place 
to a greater degree when the charge descends too slowly. It is 
considered that this defect should be obviated by a suitable modifi- 
cation in the design of the furnaces, which liave hitherto been 
constructed mainly for use with charcoal. 

J. Herlenius^® gives a brief description of the constructional 
details of the Swedish electric pig-iron furnaces, and the results 
of its use in commercial jiractice are summarised. Units range in 
size from 2200 to 8000 kw. The methods of starting, operation, 
electrodes, and gas circulation are discussed. In high-powered 
furnaces sulphur can be successfully eliminated when producing 
grey iron. 

Noteworthy plants for the electrical smelting of a local haematite 
ore and for the electrical manufacture of steel arc being installed 
in Brazil to be operated from a water ppwer.^® The Elektromctall 
type of electric pig-iron furnace is being employed with the modifi- 
cation that the diameter and height of the shaft will be reduced, 
as the Brazilian charcoal is very much denser than that made from 
the northern conifers. The pig-iron will ^ be treated first in a 
Bessemer converter and then finally refined in a 6-ton Ludlum 

Gen. Eke. Rev., 1921, 24, 833 ; 1922, 25, 19. 

Electrician, 1921, 87, 517. 

and Met. Eng., 1921, 24, 429. 

18 Ibid., 1921, 24, 108. 

JWd., 1921,25, 1057. 
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electric steel furnace. This furnace is operated by three-phase 
current and has three electrodes set in a row over an oval-shaped 
accessible hearth with idoors at each end and a removable roof. 

In the Belgian Congo electric smelting of a local iron ore is being 
undertaken at Hhe Lubudi Falls, which yields 16,000 h.p. con- 
tinuously.'^® * 

A works has been established by the “ Akt. Norges Stal ” Co., 
near Trondhjem,^^ for the direct reduction of iron ore in order to 
obtain iron of similar quality to electrolytic iron. Reduction is 
effected in a shaft house by gas, which first passes through a high- 
tension electric furnace similar to the Birkeland furnace. It is 
proposed to construct a unit of 3000 kw. 

At Aoste,'-^^ a works is in course of construction by the Societe 
Ansaldo for the electric smelting of the magnetic iron ore dejiosits 
of the Val de Cogne. Two electric shaft* furnaces have been 
installed. Steel, ferro-alloys, and electrodes will also be manu- 
factured here. 

Electric Steel Furnaces. 

J. B. (J. Kershaw^® discusses the position of electric steel and 
recent developments in the mechanism of the Heroult and the 
Gronwall or “ Elektrometall ” types of furnaces. A description 
is given of the Russ electric arc furnaces as designed in Germany 
and (iharacterised by possessing a modified type of electrode. In 
Groat Britain the small furnace of 5 to 7 tons has been found the 
most useful and ecjonornical shice the usual application has been 
for the melting and refining of cold scrap, while in America, Ger- 
many and France, the custom has been to use electric fjirnaces, 
of 25 tons or more capacity, for the final refining of molten metal 
from the Bessen^i converter or open-hearth. 

Two 40-ton Hch’(jult steel refining furnaces which were brought 
into operation at the U.S. Naval Ordnance plant. South Charleston, 
W. Va., in Februtwy, 1921,^^ mark a considerable step forward in 
the electroipetallurgy of iron and steel. These furnaces are operated 
in conjunction with two 75-ton basic open-hearth furnaces using 
natural gas of 950-1000 B.Th.U., and, after dephosphorising, 
the molten steel is ftansferred to the basic-lined electric furnace to 
be desulphurised, deoxidised, and brought to the final temperature 
of 1650° C., when the metal is tapped into the ladle. The total 
metal losses, including slag losses, handling mefal, etc. are stated 
to be as low as J-l|% in tlao electric furnace, as compared with 
8-12% in the open-heSrth furnace. One of the furnaces is fitted 

2® J. du Four Elec., 1921, 30, 86. 

/6id.,1921,30, 141. 

22 Ibid., 1921, 80, lOU 

22 Electneian, 1921 , 87 , 636 .* 

24 J. A. Seedej Hen, Blcc. Rev,. 1921, 24, 833 ; 1922, gfi, 19.. 
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with 24- inch carbon electrodes and the other with 14-inch graphite 
electrodes, thus giving current densities, of 46-8 and 137*5 amps, 
per sq. in. respectively, with the transformer at its maximum 
output of 21,200 amps, per phase. Each three-phase transformer 
gives 17,300 amps, per phase with 110 volts bctwfcn phases, or a 
total of 3300kv.-a. By means of tappings in the high-voltage 
windings, 21,200 amps, per phase can be supplied at 00 volts 
between (iach phase. 

The Newkirk type of furnace which has been introduced recently 
contains three suspended graphite electrodes for three-phase 
current and a metal hearth electrode embedded in the furnace 
lining and connected to the neutral point of the transformer.-® v 

R. Moldenkc^® discusses the relative advantages and costs of 
refining from cold metal, and by the duplex treatment. A descrip- 
tion is given of the conditions for the control of sulphur, manganese, 
and phosphorus content, the advantages of acid and basic hearths, 
and th(^ influence of the temperature of tapping. 

A. Stansfield^’ gives a classification (^f electric steel-making 
furnaces and discusses their general features, relative merits, and 
the advantagiis of hearth-electrode arc furnaces. 

L. J. Barton'^* describes experiments made with three forms of 
furnace bottoms, the methods oT building bottoms, and experiments 
with roof and side wall linings. 

A method has been devised by J. W. Moffatt^" for preparing 
steel direct from ore. The process is adapted for treating low-grade 
and inferior iron ore. The finely-divided ore is reduced first to a 
sponge by means of furnace gases and is then smelted in an electric 
furnace to steel. The power expenditure is stated to be 700-750 kw.- 
hrs. per ton of steel as compared with 2500 kv;.-hrs. in Swedish 
practice. 

^ Electrolytic Iron. 

W. E. Hughes®® reviews the methods employed in the electro- 
deposition of iron par tic ulafly from sulphate, chloride, and sulphate- 
chloride solutions. Ttic chloride bath allows of greater current 
density and is a bett(^r conductor than the sulphate solution, but 
has the disadvantage that a higher temperature of working is 
necessary whereas the sulphate solution can be worked at ordinary 
temperatures. Th,e deposited metal oxidises more rapidly with a 
chloride bath thgn with a sulphate solution. A slight acidity, 
especially when using sulphate solutions, improves the conductivity 

“5 Iron Age, 1921,107,691. 

Ihid., 1921, 107, 437 ; Foundry Trade J., 1921, 28, 221. 

27 Blast Fumaee and Steel Plant, 1921, 0, 263, 324, 381, 488. 

■ 28 Jj-Qyi 1921, 108, 581. 

2^ Ihid., 1921, 107, 1450. 

80 iTfans, Amer. Electrochem. Soc., 1921, 15 ; J., 1921, 626a. 
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and hinders oxidation of the bath. A greater degree of acidity 
impedes cathode efficiency and causes diminution in the grain size 
of the deposit, accompanied by increased hardness and brittleness. 

A process introduced ^y F. A. Eustis and C. P. Perin®^ is being 
applied for the llectrolytic extraction of iron from solutions of ore. 
The electrolyte is ferrous chloride, * the anodes are of graphite, 
current density 50 amps, per sq. foot, and the cathode is a rotating 
mandrel on which the iron is deposited as a tube, or consists of a 
travelling belt. Ferric chloride, which is formcid in the anode 
compartment, is used again for leaching the sulphide ore, thus giving 
a cyclic process. 97% of the iron, and 90% of the sulphur are 
said to bo extracted. T1 h 5 process is being worked commercially 
at Grenoble for the production of boik r tubes. The metal deposited 
on the rotating mandrel contains 99*97% Fe, and is afterwards 
annealed to remove embrittling hydrogen. • It is then stripped 
and used as a boiler tube, either with or without drawing through 
a die. The current expenditure amounts to J to Jh.p.-year per 
ton of tubes. The material produced is particularly soft, due 
partly to the low carbon content (about 0*008%), and can be 
drawn through a die five times without annealing. The metal is 
highly resistant against corrosion. 

A plant for the preparation of electrolytic iron, giving an output 
of two tons a day has also been installed by the Western Electric 
Co., at Hawthorne, 111., U.8.A. The metal is employed in telephone 
construction. The electrolyte consists of ferrous sulphate and 
chloride and ammonium sulphate. The anodes are of mild steel 
and the cathodes of polished sheets of steel from which the deposit 
is stripped when it has reached a thickness of to i ineh ; the 
current density i^about 12 amps, per sq. foot. 

Ferro-Alloys. 

Among the ferro-alloys which have recently acquired considerable 
importance may b* mentioned ferro-silicon in its application to the 
production ,of special grades of sheet steel that are now used in the 
manufacture of motors, generators, and transformers. Of the 
other ferro-alloys, all are used in the manufacture of high-grade 
alloy steels and several have special uses, such as ferro- chromium 
in the manufacture of stainless and corrosion-resisting steels, 
ferro-vanadium in spring manufacture, and both alloys, together 
with ferro- tungsten, ferro-molybdenum, and ferfo-uranium, in the 
production of high-speed steels. * 

In the manufacture of ferro-manganese, according to R. M. 
Keeney, the electric furnace gives, for the same grade of ore, 

« Iron Age, 1922, 109 , 22 ; CViem. and Met. Eng., 1931, 26 , 689 ; 1922, 
26 , 128. 

J. A. Seede, Gen. Elec. RevT, 1921, 24, 522. 

Min. and Met., 1921, No. 170, 31 ; J., 1921, 304 a. 
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at least 5% greater recovery than the blast furnace, and at the 
present price of coke, fuel and power costs balance. Among the 
general operating difficulties encountered with the electric furnace, 
formation of carbide is the most serious. This tendency is found 
to be modified by the use of lignite as a reducing agent in preference 
to anthracite or bituminous coal, and also by not attempting to 
produce a slag containing less than 12% of manganese. The 
manufacture of ferro-mangancse containing 73*6% Mn has been 
conducted in the ITnited States in an electric furnace of 1100 kw. 
capacity by smelting ore containing 34-8% Mn and 13-2% Si ()2 
with an avei-age power consumption of 4990 kw.-lirs. per gross ton. 
The electrode consumption has been rc^duced to 141 lb. per ton of 
metal. A new t}^)e of furnace for the manufacture of ferro-tungsten 
has been introduced by J. 0. Dailey.^* This consists of a rectangular 
contaim^r open at the top with the hearth only of refi’actory bricks. 
Two cylindrical electrodes are used which, toge ther with the hearth, 
are operated by two-phase current. 817 kg. of ferro-tungsten 
with 75% W is given per 30 hours, representing 3-5 kw.-hrs. per 
kg. of tungsten. Acid working (by using silicious slag) gives 
better yields as the tungsten has less tendency to pass into 
the slag. 


Electric Smelting of Zinc Ores. 

In an extension of the electric smelting plants at Trolhattan, 
in Sweden, and Sarpsborg, in Norway, a new installation is being 
built at Glorafjord, which will have a capacity for smelting 60,000 
tons of ore per annum. 

The system now generally employed in Scandinavia consists of 
resistance furnaces run at high temperatures in place of the arc 
type, the lead being completely volatilised together with the zinc, 
and condensed as a powder by rapidly cooling and finally refined 
by redistillation in an electric arc furnace. The works at Trol- 
hattan is stated to employ 13,000 h.p., the energy expenditure 
amounting to 1*2 kw.-yrs. per ton of zinc from roasted blende 
containing 33% Zn. In a process of Thoraldsen in operation at 
Bergen, using ore with 50% of zinc, and a resistjmee type of furnace, 
one ton of metal is stated to be produced per 0-46 kw.-yr.^* An 
important advantage in electro-thermic smelting is the recovery of 
the by-products iu the form of lead bullion and copper matte. 

J. W. Richards^’ announces an invention of Cornelius which is in 
operation for conglomerating blue zinc powder by rubbing. This 
product, which contains 20% Zn, is then redistilled. 

J. du FourMec., 1921, 30, 105. 

W. R. Ingalls, Trans. Amer. Electrochem. Soc.^ 1921, 165. 

’ J. du Four Elec., 1921, 30, 113. 

Trans'. Amer. Electrochem. Soc., 1921 ; cf. E.P. 170,026 ; J., 1921, 854a. 
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The Fulton process, which has been brought into operation at 
East St. Louis, consist in mixing the zinc ore with coke and 
forming into briquettes*. ^ These are given a preliminary heating 
by means of oil burners, the oxide is reduced, leaving a skeleton 
mass of the origiial form of the briquettes. The material is then 
built up to form the resister of an electric furnace and the zinc 
distilled by electrical heating and condensed. 

Electrolytic Zinc. 

The economy which has been obtained with electrolytic zinc 
extraction at Great Falls, Trail, and Risdon, in connexion with 
low-grade and comjilex ores, has been such as to promise its applica- 
tion to high-grade ores and employing fuel-generated power. It 
is considered^® that the amount of fuel consunv3d in the generation 
of power required for the liberation of one ton of zinc electrolytically 
will be no greater than that needed in a modern retort plant for the 
reduction and distillation of this amount of metal. 

Advantages secured by*the electrical method in comparison with 
the retort process include the extraction of a higher percentage 
of metal ; the possibility of treating fines, which are necessarily 
obtained in a concentration process, ejid lower grade concentrates ; 
the presence of lead and iron in the ore is much less detrimental ; 
a metal of higher purity is obtained ; the labour required is only 
about one-^hird. 

According to W. R. Ingalls,^'' the electrolytic process produces 
a high-grade zinc at less cost per ton of ore than in the electro- 
thermic method. The limitations of the electrolytic process, how- 
ever, are that it must be conducted on a large scale and the capital 
cost per unit of ca^ icif y is greater than that of the ordinary distil- 
lation plant, fixperimental work now proceeding at Anaconda 
and Great "Falls is being devoted to the reduction of losses of 
insoluble zinc by more careful control of roasting and to improve 
the extraction by better design of leaching plant and flowsheet. 

A process of Tainton and Pring,^^ which has been brought into 
operation at Martinez, California, is characterised by the use of a 
high current density, Amounting to 100 amps, per sq. foot of cathode, 
a high concentration of free sulphuric acid, which may amount to 
27%, and the possibility of working in presence of metallic impuri- 
ties such as arsenic and cobalt. The electrolyte, prepared by leach- 
ing the roasted ore, and adding spent electrolyte, contains initially 
70 grams of zinc per lifre. This is circulated through the cells 
until the zinc falls to 30g. per litre and is then applied for the 

“ J, du Four Elec,, 1921, 30, 106r 

F. Laist, Chem. and Met. Eng., 1921, 25, 764. 

Trans. Amer. Electrochem. She., 1921, 166. 

“ Trans. Amer. Inst. Min. Met. Eng., 1921, No. 1073, 62. 
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leaching of fresh ore. The average current efficiency obtained is 
89% and the average voltage 4 volts per cell. The spacing of the 
electrodes is I'ft- in. from the face of the lead anode to the face of 
the cathode. One pound of zinc requires 1-77 kw.-hrs. in electrical 
energy delivered to the c(*lls. Comparatively ^^ven and smooth 
deposits are obtained up to a thicloiess of | in. 

An electrolytic process has been operated at Swansea,^- whereby 
a metal containing 99-95% of zinc is produced. Low-grade ore 
is roasted and the sulphur dioxide applied to the manufacture of 
sulphuric acid. Electrolysis is conducted at a current density 
of 3 amps, per sq. dm., and a voltage of 3-5, and proceeds for two 
days. An energy efficiency of 90% is obtained. The anode used 
is of lead and tlui cathode of aluminium. The power expenditure 
is 4000 kw.-hrs. per ton of zinc. 

The electrolytic zinc plant in operation at Risdon, near Hobart, 
Tasmania, for treating Broken Hill deposits, is designed for the 
annual production of 20,000-25,000 tons of zinc. In August, 1922 
the works will be in full ojieration, producing 50,000-()0,000 tons 
of refined metal p(U‘ annum. Water power has been developed 
by the Tasmanian Government at a cost corresponding to £2 per 
h.p.-yr. 

A process for the electrolycic extraction of zinc which is in oper- 
ation in Japan is described by M. Namba.^* 


Electric Furnaces for Heat Treatment of Metals. 

In a number of recent designs furnaces have been specially 
adapted to the treatment of sheets, steel chains, automobile parts, 
axles, bolts and nuts and small parts for aeroplanes as well as 
non-ferrous and other products. 

Electric furnaces for the treatment of brass and bronze developed 
very largely, especially in America, as a result of the pressure of 
war demands. An advantage obtained by them is the ability to 
work with a neutral or reducing atmosphere over the bath and thus 
prevent oxidation losses. 

The following types of furnaces are now on successful use^® : — 
(1) The direct arc furnace of which the Snyder is the only 
representative. (2) The indirect arc furnace of which the Renner- 
felt and Detroit are the .most successful examples. (3) The vertical 
ring induction I'urnace of which th^ Ajax-Wyatt is the best known 
and most successful. (4) The granular re^sistance furnace of which 
the Baily is the only example. 

« J . du Fvxr Elec., 1921, 30, 16. • 

. « J., 1921, 48r. 

J., 1921, 279t. 

J. B.,C. Kershaw, Engineer, 1921, 131, 48. 
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The Ajax-Wyatt‘® furnace, which is of the induction type 
combined with the ‘ ' pinch-efTect " phenomenon first studied by 
Hering, is reported to bu tlio most efficient as regai'ris use of power 
and the low^est in running (;osts, but ])ossesses the disadvantages of 
requiring to be elSxrged wdth molten medal and of not bedng adapted 
foi' intermittent use. Further, no retraciory lining has b(;en dis- 
covered that wdll withstand the action of alloys containing over 
3% of l(‘ad. Tlie Baily furnace is the type* of wdiiedi there are the 
largest numbeT in oj)eration in the U.8.A. 

The Snyder ty]:)e is particularly suite‘el for use wdtli mechanical 
charging, and has a laige e)utput with a le)W' ]>ovve?r e;e)nsumption, 
})ut is only suitable for the* pure })re)nz('s or similaT’ alle)ys containing 
5% or less of zine*. 

The Rermerfelt or any edher stationary e)r indirect arc furnace 
is stated te) be the most applicable le) alle^ys le)w*in zinc, and is being 
used in the Unitcel Htates for melting cupro-nickel, bronze, and 
silver. 

The Detroit, or rocking type of indire‘ct arc fui-nace is applicable 
to alloys e)f any zine^ contemt, giv^es a low' pe)WTr ce)nsum]>tion and 
can be mechanical ly cliarged. ])ata in redeu’cncc to the difTe*re‘nt types 
e)f furnaces in this connexion are given in the following table : — 


1’ypc of 
furnace. 

Power 

rood.. 

( 'barge 
of metal 

()iitf)ut per day 

111 tons. 

I’ower 

con- 

sum}>tion 


kw. 

iO lb. 

lOlms. 1 

24 hrs. 

in kw-hrs. 
per ton. 

1. Ajax -Wyatt 

30 

300 

1 to 1 }. 

3 to 3.1 

*325 

(yellow brass) ^ j 

• 1 

()() 

000 

21 to 3 

0 to 7 

275 

2. Baily (yeWow and 
red brass) 

105 

' 

SOO to 
1500 

2i to 3.1 ' 

Oto 10 

475 

3. Snyder (bronze) 

100 

(iOO 

n 


380 


300 

t 

2000 

. 

12 to 18 


4. Rennerfolt (red 

100 

500 

n 


475 

brass and bronze 

125 

1000 

2 to 21 

7 to 10 

400 

and bearing metal) 

300 

2000 

1 

ffi to 10 

• 


6. Detroit rocking 

t 

40 

125 

5- 

3.t 


400 

(yellow and red 

225 

1.300 

81 

332 

brass) 

300 

2000 

0 to 7 

10 to 20 

• 

287 


Nos. 3, 4, and 5 use froih 2^ lb» to 6 lb. of graphite electrodes per ton of 
metal charged. 

G. H. Clamer, J. Amer. Imt. Elec. Etig.^ 1920, 39, 1042. 

• u 2 
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It will be noted that there is a wide range of power consumption, 
and that the efficiency of each type of furnace in this respect increases 
with the size. 

A further type of resistance furnace has been recently introduced 
by the General Electric Company.^’ Heating is tijfTectod by means 
of heavy metallic windings supported in refractory insulators on 
the inner walls of the furnace chamber. The pitch and length of 
the ribbon convolutions can be made so as to concentrate or liistri- 
bute the heating (effect as desired. This furnace has been applied 
largely in America for the treatment of gun forgings, 22 units being 
installed during the war. A large furnace of this tyj)e is at present 
under construction in an ordnance plant of the H.S. Government, 
having dimensions of 8 to 10 feet in diam(‘t(T by 105 feet deep 
with a connected load of 2700 kw. Several of these heat-treating 
furnaces are also in’use in other countries, notably Canada, France, 
Spain, Norway, etc. 

According to H. W. Gillett the total number of electric furnaces 
in operation in the U.S.A. in January, 1921, melting non-ferrous 
metals was 318, with a total capacity of 42,350 kw. Electric 
melting is well established on brass and bronze, nickel-chromium, 
and similar alloys, and to a minor extent for melting aluminium. 

A number of new tyi)cs of 'muffled arc furnaces have been intro- 
duced by the General Electric Co. and supj)lied for melting brass, 
bronze, and similar non-ferrous alloys.^* 

H. M. St. John describes the advantages gained by the use of 
large electrically-heated melting units, with closed melting chambers, 
which are practically free from oxygen and products of combustion, 
thus producing a more uniformly high quality of product, with loss 
labour and less metal wastage than have previously been obtainable. 

W. J. and S. Green discuss the conditions requisite for producing 
tool steel in the electric furnace. 

A. D. Dauch'^“ describes automatically- controlled furnaces used 
for heat treatment and annealing of varioui^ automobile parts. 
The advantages which are obtained by rotary electric furnaces 
over the oil-fired type for continuous heat-treating, annealing, 
and carbonising are also pointed out.®“ 

In its application to the melting of silver the electric furnace 
eliminates the high cost of crucibles and the employment of an ex- 

E. F. Cone,tfron Age, 1921, 108, 943. 

Trans. Amer. Ekctrochem. Soc.y loil, 277 i J., 1921, 701a. 

H. A. Winne, ibid., 1921, 263. 

Ibid., 1921, 65. 

“ Iron Age,^l92l, 108, 669. 

Forg. Heat Treat., 1921, 7, 625. 

M EUc. World, 1921, 78, 665. 

H. A. d© Fries, Trans. Amer. Electrochem. Soc., 1921, 199. 
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perienced melter, which are essential to gas or oil-fired crucible 
practice. Further advantgiges are the high pouring temperature, 
which can be so roadiiy, attained in the case of an electric 
furnace, and thO|adjustment that can be made between i)ouring 
temperatures of bar silver (1033°-1093° C.), and of rolling mill and 
casting silver (1223°-1304“ C.). A Rennerfelt electric furnace of 
10,000 oz. capacity and consuming 100 kv.-a., is in use at 
the Philadelphia mint for the melting of silver. The power 
consumption averages i80kw.-hrs. per ton of metal. 

In the meriting of nickel silver considerable advantages have 
been obtained by the use of the ek^ctric furnace. 

Electric Smelting op Tin Ore. 

Furnaces at present in use for the electric smelting of tin ore 
arc the Wile furnae.e and a tyi)e described by 11 . Krebs. In this 
method ore and coal arc charged into a trough furnace provided 
with a low charging shaft and brought to a molten condition by 
means of current introdiuj^d through two or more electrodes dip^iing 
into the bath. The metal is tapped from the bottom. The tin 
content of tluj slag can be reduced as low as 0*3%. 

(Ulcium Carijide. 

The manufacture of calcium carbide is stated to show signs of 
increasing,*^’ but is hardly being maintained in countries other than 
those with a depreciated currency such as Germany, Austria, and 
Czecho-Slovakia, or else in countries having a large consumption 
or high tariffs such as France, Italy, Spain, and Canada. England 
consumes 20,000-30,000 tons of carbide per annum, most of. which 
is imported, half coming from Norway. The two English works 
are the British Carbidt> J^actories, Ltd., with a capacity for producing 
5000 tons per annum, and the British Cellulose and Chemical Manu- 
facturing Co*., Ltd., with a capacity of 40,000 tons.* At the latter 
factory the manufacture of carbide has been suspended since 1920. 
Power is genwated from steam at a reported cost of £10 per h.p.-yr. 
or £6 per ton of carbide. Under these conditions the process is 
not at present able t^ compete with water power from countries 
abroad, except with tariff protection. Caknum carbide is used 
by the British Cellulose Co. for the generation of acetylene employed 
at present in the synthetic preparation of artificial silk, of which 
the daily output is now about one ton, and the manufacture of 
celluloid which is making good progress.*^® 

Extensive developments have taken place in recent years in the 
manufacture of acetic acid from calcium carbide through the 

F. C. Tliompson, ibid., 259. 

Metcdlu. Erz, 1921, 77 ; 5 ^., 1921, 305a. 

” J. du Four Eke., 1921, 30, 136 ; 1922, 81, 3. 

J., 1921, 224k. 
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intermodiatc ])roduction of acetylene and acetaldehyde.^® Large 
quantities of acetic acid were made in* this way during the war 
period to supplement or replace supplies, iformally obtained by the 
distillation of wood. The largest installations for. this manufacture 
M'(Te creeted at Shawinigaq Falls, (lauada, in Clermany, and by 
the Britisli (V'llulose C!o. at S]K)ndon. In this eountry the manu- 
facturi^ has lieen abandoned on account of the high ]>ri(;e of carbide 
comparc^d with that of imported acetic acid, but in other countries 
the s>Tith(‘ti(; a(;id can be produced at a price which allows of 
com]>etition Avith the wood distillation ])i'ocess. The different 
proe.(‘SS(‘s in use, Avhich vary only in detail, an^ based on the reaction 
which takers place when aeetylen^ is passed through a solution of 
mercuric sulphate in sulphuric acid, thus giving acetaldehyde wdiich 
is then oxidised to acetic acid by passing together with air or oxygen 
over a catalyst of manganc^se acetate'. 

(/ALCilUM Cyan AMIDE. 

The cyanamidc' industry reae'hed enormous dimensions during 
the war as being one' of the me)st cce)ne)mical nietlieKls e>f preparing 
ammonia on a large scale. Though its a])plication in this connexion 
is now in abeyance, it still retains a large and growing outlet as a 
fertiliser eilluT ai)])lieul directly or after conversion into other 
derived compounels. 

The advantages and elisadvantages of the presence in the final 
product of calcium chloride and fluoride w'hich are added to the 
furnace chai’ge to serve as catalysts are discussed l)y H. Gall.®® 
The residual amount of carbide in the cyanamidc has been reduced 
to 0*3%. In applying to agriculture, the method of adding water 
or oil to the ])roduct to overcome the harmful effect of the 
presence of lime during handling has been abandoned in favour 
of methods deyoted to granulation. 

New derivatives ])repared from cyanamidc injilude “ Ammophos,” 
which consists of a double phosphate of calcium and ammonium, 
prepared by condensing ammonia in a solution of monocalcium 
phosphate. Urea is made in Savoy by direct conversion of cyan- 
amide, by suspending in w^atcr and exposing tD the action of carbon 
dioxide obtained from the calcining of the original limestone. 
The free cyanamidc which is thus obtained is hydrolysed by the 
addition of a mineral acid, ])referably suljtoric acid. 

Refractories for Electric ^Venatjes and Abrasives. 

Experiments made at high temperatures with a number of refrac- 
tories by R. M. Howe showed that under a pressure of 50 lb. per 

* J., 1921, 34r)R. 

«® J. dii Four Elec ., mi , ZO.Uh 

Cl J . Inst . MetaU , 1921, 25, 455. 
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sq. in., all the materials tested yielded at or below 1650° C., with 
the exception of carboriqidum. Silica probably fails by shear 
at the temperature, beiii^ rigid at 1500° (1 The specific heats of 
several materia^ at 100° and 1000° C. are given, all showing an 
increase with temperature. Fireclay and electric furnace products 
are found to be only slightly affected by sudden changes in tempera- 
ture. Silica, magnesia, and chrome brick must be heated slowly, 


Summary of average cross-breaking strenutjis. 



Modulus of rui)turo, 
lb. p<?r sq. in. 

Ratio. 

R. at 1350° 

20" C. 

1350° C. 

• 

R. at 20° C. 

Recrystalisod carborundum 
(Refrax) 

2312 

2437 

1-05 

Bonded carborundum — 

Carbofrax A . . 

2103 

2274 

1-08 

CJarbofrax B . . . . . . 

20.51 

2129 

O' 805 

Carbofrax C 

2215 

1918 

0*866 

Silica No. 1 . . . . . . 

608 

145 

0;228 

> 

Silica No. 2 ? . 

491 

178 

0*363 

Magnesia . . . . « . . 

1388 

136 

0098 

Fireclay . . 

665 

113 

0*170 

Bauxite 

1315 

99 

! 0*075 

Chrome 

1392 

k 

0*014 


especially at low temperatures, if spalling is to be avoided. After 
the first heating, however, fjiey are improved in this respect. 
Silica bricks are found to give good service in roofs and zirconite 
brick has been largely recommended for electric furnaces on account 
of its high fusion point, low conductivity, and marked resistance to 
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fluxes. It is necessary, however, that the zirconite should be 
purified from iron oxide and other imparities and given a severe 
heat treatment before use in order to eliminate shrinkage. Carbor- 
undum and alundum offer good possibilities for service in roofs, 
as they have all the qualities of a silica brick with less tendency to 
spall. 

The application of zirconia as a refractory is described 
by J. C. Thompson.®^ The oxide is obtained from zirconite, the 
silica being removed by an electric furnace process in which the 
mineral is heated with the necessary amount of coke to produce 
silicon carbide which is then separated from the zirconia. 
The removal of iron can be effected subsequently by treatment 
of the material with chlorine or phosgene. The refractory proper- 
ties of zirconia and the factors which limit its use are discussed. 

M. L. Hartmann a,nd W. A. Koehler describe measurements 
made on the cross-breaking strength of specialised refractories 
with the results as set forth on page 311. 

The results of a number of experiments made on the physical 
and chemical characteristics of carborundum ref rectories when 
applied to heat treating furnaces are described by M. L. Hartmann.®* 

The properties of sillimanite, which has the composition 
AlgOsjSiOa, have been described by A. F. Greaves-Walker.®^ 
The melting point of this refractory is given as 1816° C. 

A now abrasive consisting of tungsten carbide has been applied 
under the name of “ volomite.” The compound is said to possess 
a hardness comparable with that of diamond.®* 

Electrolytic Production oi^ H ydrogen and Oxygen. 

The uses of electrolytic hydrogen and oxygen arc now extending 
rapidly mainly at Government aircraft stations and in such appli- 
cations as metal welding and cutting, hydrogenation of oils, manu- 
facture of incandescent filament lamps, metal brazing, oxy-acetylenc 
welding, smelting work, steel production, synthetic ammonia, and 
accumulator works. The recent developments which -have been 
made in plant for the production of these gases by electrolysis are 
described by A. J. Hale.®’ The cells now in uj?,e may be classified 
as the bell type, the bipolar or filter-press type as in the Oerlikon 
cell, and that devised by the National Oxygen Co. of Chicago, and 
the diaphragm unit cell as first manufactured by the International 
Oxygen Co. in 191,1, an improved form of which is now made by the 
Davis-Boumevillo Co., N.J. 

Trans. Amer. Electi^ochein. Soc., 1921, 291 ; J., 1921, 768a. 

Ibid., 1921, 129 ; J., 1921, 771a. 

Trans, AmetT, Soc. Steel Treat., 1921; lOi 601. 

. «* J., 1922, 13t. 

«• J, duFourElec., 1921, 30, 102. 
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In all cases ^ach cell is usually capable of taking 300-600 amps., 
while the voltage varies^ in the different types from 2*0 to 2*4 
The yield of hydrogen .varies from’ 6*0 to 7-5 cub. ft. per kw.-hr 
The purity of thn hydrogen varies from 99*0 to 99*8%, and that of 
the oxygen fronf 97 to 99%. 

Electrolytic hydrogen is being applied on a large scale in Norway, 
for use in the operation of the Claude process of ammonia synthesis.®® 
For this purpose the Cumberland Coal Power and Chemical Co. 
has acquired a controlling interest in the Tysse water-power under- 
taking in Norway. 145,000 h.p. is at present being generated 
at this centre, 100,000 h.p. being transmitted to Odda. The cost 
per h.p.-yr. is stated to be as low as £1 , or less than l-25th of a penny 
per kw . -hr. An electrolytic hydrogen plant which has been installed 
has a daily capacity of over 9,000,000 cub. ft. 

Electrolytic Copper. 

A notiCworthy plant for the hydro-metallurgical extraction of 
copper has been installed at Haut-Katanga in the (^ongo, for the 
treatment of a low-grade ore containing 6-7% Cu. The process 
consists of water leaching, followed by electrolysis of the solution. 
In consequence of the success obtained with a small unit it is 
intended to attain an outjmt of 100,f)00 tons of coiiper per annum. 
A water power of 25,000 h.p. is being developed for this process.®® 

Sodium Perborate. 

An improved process for the electrolytic preparation of sodium 
perborate has been devised by the Norwegian firm, Fredriksstad 
Elektrokemiskc Fabriker. A dilute solution of borax, together 
with sodium cya.iyf1e is used as the electrolyte. The presence of 
sodium cyanide prcA ents metallic impurities from bringing about 
the decomposition of the perborate.’® 

hfLECTROLYSIS OF FuSED SaLTS. 

Calcium . — ^Thc conditions found to be most favourable for the 
preparation of calcium are described by P. H. Brace. The most 
successful method is*found to be that of Rathenau, in which a stick 
of calcium is built up on a water-cooled cathode, which is suspended 
vertically above, and makes contact with the surface of the bath. 
Two water-cooled graphite plates are used as anodes. The tem- 
perature of the bath is cont^’olled by varying tfie separation and 
degree of immersion Si the anodes. The container is made of 
Acheson graphite of 12 in. outside diameter and 9 in. depth. A 

J., 1921, 424r. 

®® J. du Four Elec., 1922, 31, 6. 

J., 1921, 219r. 

J. Inst. Metals, 1921, 26, 163 ; J., 1921, 222a. 
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voltage of 25 to 30 volts is applied and a current of 400 to 500 amps. 
The diameter of the sticks is uniform and the quality of the metal 
such that it can be rolled into thin sheets- The best results are 
obtained by running the cell with sufficient energy input to keep 
the charge of electrolyte molten, with only a small portion on the 
sides and bottom of the graphite container remaining solid. The 
most suitable electrolyte is fused calcium chloride, which has been 
completely d(^hydrated. 

Magnoftium . — The production of magnesium by the electrolysis 
of the fused chloride has been developed in Wolverhampton by 
the Magnesium CoJ- The method used employs an electrolyte 
of the fused chloride and a cathode of molten lead. An alloy of 
lead and magnesium is obtained first and then transferred to a 
second cell, where it forms the anode with an electrolyte of fused 
magnesium chloride, vv'hilc the cathode consists of a large number 
of steel rods of small diameter immersed for a short distance in the 
electrolyte. The total energy consumption amounts to 8-5 kw.-hrs. 
per lb. of metal, giving an energy efficienej^of about 40%. 

Cerium . — A continuous process has been devised for the 
production of cerium,’^ in which use is made of an electric furnace 
with non-conducting walls, a conducting hearth as cathode, while 
the anode is of the same .shape as the hearth so as to maintain 
a uniform current density tliroughout the bath. Tapping is made 
through an orifice on a level with the hearth. In the interval between 
two tappings, the metal is kept at a pasty consistency in front of 
the tapping hole, so as not to dissolve in the bath. Shortly before 
tai)ping, the temperature is raised by increasing the power or 
adjusting the electrodes. 


Electro-Plating . 

Zinc . — A process for zinc plating from a cyanide solution which 
will operate successfully at very high current densities in mechanical 
units where the cleaning of the work is often poor is described by 
(1 J. Wernlund.’^ The following composition of the bath is recom- 
mended, the weights being expressed in grams per litre : — Zinc 
cyanide 60, sodium cyanide 52*5, sodium hydroxide 7*5-15, sodium 
carbonate 30, sodium fluoride 7*5, corn sugar 7*5, gum arabic 1*1. 
The temperature employed is 40°-50° C., and the voltage 3-5. 
Very smooth greyish- white deposits^ are obtained and the bath 
does not deteriorate on standing. * 

Lead-Tin Alloys . — ^A process for the electro-deposition of lead- 
tin alloys on the interior of air flashs of naval torpedoes that has 

’’^'Electrician, 1922, 88, 92. 

« J. du Four Elec., 1921, 30, 106. ; F.P.'608,973. 

Trans. Anier. Electrochem. Soc., 1921, 346 ; J., 1921, 861a. 
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been developed at the Bureau of Standards, Washington, is des- 
cribed by W. Blum and Y[. E. Haring.’*^ Use is made of a fluoborate 
solution from which is* deposited an alloy of equal weights of lead 
and tin which ^re finer grained than either of the separate metals 
deposited under similar conditions. The anode consists of an alloy 
of 50% tin and 50% lead. A current density of about 7 amps, per 
sq. foot is employed, and deposition continued until a thickness of 
0 -003-0 -OOO in. is secured. 

Copper- Nickel . — In a process devised by W. Blum,’* for alter- 
nately depositing two metals, it is found that if relatively thin 
layers of nickel are interposed during the deposition of copper, the 
deposit has a much higher tensile strength than pure copper 
deposited under the same conditions. It is shown that this effect 
is duo to the influence of the nickel layers in restraining the growth 
of the copper crystals. A further advantagc*gained by this method 
is that higher current densities can be employed without tree 
formation. In the case of copper, the tensile strength of the 
deposited metal is foun^ to increase with increasing current density, 
in the range between 30 and 90 amps, per sq. foot. This process 
has been a])plied in the electrolytic reproduction of engraved plates. 

Miscellaneous Electrical Heatinc Processes. 

An ek^ctrical heating method has been introduced by the Leefur 
Co. at Leeds ” for the hardening and tempering of steel wire and 
strip. The wire is w'ound over electrical contacts placed at the 
ends of a non- metallic tube, through which the wire passes, while 
its temperature is raised to the required degree by the passage of the 
current. An inert surrounding atmosphere can be maintained in 
the tube. Aftei^heating, the wire can be led into an oil bath for 
the purpose of quenching. Wire and strip thus treated are left 
with a bright finish free from all scale and discoloration, while the 
cost compares very favourably with that obtained by gas. 

Electrical Generation of Steam. 

In certain Euroy[iean countries possessing water-power resources 
scarcity and high price of fuel led to the development and installation 
of apparatus of several types for the generation of steam by electric 
energy.’* 

In a t 3 rpc of apparatus described by F. A. Jjidbury and F. A. 
Stamps,’* a steam generator is designed for use with current at 
100 volts. A unit of 250 kw., which generates 750 lb. of steam 

Ibid., 1921, 147 ; J., 1921, 774a. 

Ibid., 1921, 137 ; J., 1921;773a. 

” Engineering, 1921, HI, JO. 

Powder, 1921,53,404,746. 

Trans. Atner. Elcctrochem. Soe., 1921, 77. 
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per hour, consists of a vertical steel pipe of 155 in. diam., fitted with a 
number of other concentric steel pipes perforated to allow of circu- 
lation and alternately connected with the Jbwo insulated end plates 
of the cylinder. The current is introduced between these end 
plates and passes through the water between adjacent tubes, the 
surfaces of which are separate'd by an interval of 0-75 in. 

According to E. A. Low,®® at a paper mill in Sweden, there are 
installed seven 2000-kw. boilers operating at 10,000 volts and a 
steam pressure of 150 Jb. The efficiency obtained is 96%. The 
current is passed from electrodes directly through the water. Each 
boiler is fitted with 18 electrodes in six groups so that the capacity 
can be controlled in steps. 

Cement Manufactuee. 

Electric furnaces haVe been applied to the preparation of cement 
at a works in the Alps, where 2000-3000 h.p. has been applied.®^ 

80 Qen. Ehr. Rev., 1921, 24, 51,5. 

81 J. du Four Eke., 1921, 30, 73, 81. 
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OILS, FATS, AND WAXES. 

By John Allan, 

Messrs. Joseph CrosfieJd and S(ms, Lid.^ Warrington. 

An examination of the Board of Trade returns of the imports of 
oils and oilseeds for the past year would be expected k) reveal a 
considerable reduction in values, but probably the more outstanding 
feature of the returns is the extraordinary way in which receipts 
from certain sources of supply have practically ceased whilst others 
have remained normal or even have increased. The falling off is 
especially noticeable in the case of imports from India. From 
this source in the first nine months of the year we received only 
27,000 tons of linseed, whereas in 1919 our import of Indian linseed 
was ten times as great. India's place, in the case of this seed, has 
been taken by the Argentine, from whence in the same time, no 
less than 86% of our total import of 369,000 tons has come. The 
amount of cottonseed received from India is ^-Iso phenomenally 
low, but this is in some measure compensated for by an increase of 
about 25% in our import of Egyptian seed. 

An interesting extension of the remarks made in last year’s report 
on the effect o^ cottonseed oil supply of the intended reduction 
of the area 6f planted cotton in America and Egypt is obtained 
from the figures in the following statements. A commentator on 
the Unitcii States Census Bureau’s mid-November report of cotton- 
seed and cottonseed products covering the three months ending 
October 3Ist, 1921, says “ an 8,000,000 bale crop of cotton (the 
estimated output for this year) would produce 400,000 tons of 
cottonseed oil, whigh together with the carry-over from last season 
of close on 100,000 tons would give a supply of 500,000 tons for the 
season.” The Crude Cottonseed Oil Tariff Committee of the 
Interstate Cottonseed Crushers Association, in letter addressed 
to those interested in the United States Cotton 0*1 Industry, says ^ : 
“ If the domestic coi^umption of cottonseed oil during the next 
twelve months (after August 1st) is equivalent only to the preceding 
twelve months — the recent consumption is much greater than last 
year — and nme is exported^ there will be a shortage of 72. 000 tons 

^ GoUon Oil Press, Dec., 192i, p. 22. 

“ Ibid., Dec., 1921, p. 19. 
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and no carry-over on August 1st, 1922.”’ The reflex action of 
this position on the European markets for cottonseed and other 
oils can be readily understood. 

Recent events have driven home upon 'the nations of the world 
how great is their dependence upon the industries* (ioncerned with 
the production and inanufadture of oils and fats, whether this 
dependence be measured from the point of view of foodstuffs or 
munitions supplies. It is therefore noteworthy that Governmental 
interest in these industries has beem stimulated so far that depart- 
ments and associations have betm created for the purpose of carrying 
on fundamental research both in the manufacture and uses of oils 
and fats. 

As an outcome of this interest the Italian Government has 
founded the R. Stazione Sperimentalc per ITndustria degli Olii 
e dei Grassi, with headquarters in Milan, which, as stated by Prof. 
Fachini, its director, is to be concerned with the investigation of 
matters pertaining to the industries occupied with the production, 
manufacture, and use of mineral and fatty oils, varnishes, etc. 

A more recent development is the association of the United 
States Department of Agriculture wdth varied interests identified 
with the industry relative to the chemistry, technology, and 
economics of oils and fats and' especially that of cotton oil milling, 
the intention being to define and co-ordinate the research of the 
different bureaux of the Department so that the maximum of 
national benefit may arise from their work. The programme of 
work already outlined includes such problems as (tultural conditions, 
constituents of natural oils and refining problems, physiological 
effects, food values, rancidity, etc. 

Continued investigation of food principles, and especially of the 
vitamin known as fat-soluble A, has emphasised the important 
bearing which manufacturing and refining processes may .have upon 
the dietetic value of a fatty food. The effect of high temperature 
and of hydrogenation in destroying this vitamin in fish oils cannot 
be accepted as a generalisation to be applied to all rfefining and 
other processes to which edible oils arc subjected since F. G. Hopkins ® 
has shown that arachis and palm-kernel oil, ki the refined state, 
still contain the vitamin. The larger amount of this vitamin 
which occurs in butter-fat is not so readily affected by heat alone 
as it is by exposure to air, even at low temperatures,* and this 
destruction is still more rapidly brought about by ozone. ^ The 
effect of diet on the vitamin content' of milk and also of body fat 
is very marked, the various dry foods used in winter having the 

* Biochem. J.j 1920, 14, 725 ; J., 192L 363a. 

^ J. C. Drummond and K. H. Coward, Biochem. J., 1920, 14, 734 ; 
1921, '363a. 

• S. S. ZUva, Biochem. J., 1920, 14, 740 ; 7., 1921, 363a. 
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effect of lowering this very considerably.® H. Steenbock" and his 
co-workers have shown that highly-coloured butters and beef 
fats are usually richer, in the vitamin than those low in pigments. 
The development of colour in the fats is probably influenced by the 
same articles oi diet which affect the vitamin content. 

The production of glycerol from su^ar by controlled fermentation 
with ordinary yeast is a process of great interest in view of the 
continued reduction in the price of sugar. It would now appear, 
however, that to obtain a high conversion of sugar to glycerol is 
not the only difficulty to bo overcome before the process can be 
economically satisfactory. Literary references to the process 
give no indication as to whether the figures representing the yield 

of glycerol obtained in some cases over 30% of the sugar 

consumed® — refer to the fermented liquor or to the glycerol in a 
technically usable form obtained from this liquor. The published 
methods for the purification of the product * from the fermentation 
vats are undoubtedly comphcated as wmks processes and of limited 
efficiency, and giving consideration to this along with the known 
instability of acetaldehyde, which is also a product of the fermen- 
tation, it may be reasonably questioned as to whether it is possible 
to obtain what is understood as technical glycerin by this process 
in the amounts stated. * 

General Chemistry. 

Probably no condition which depreciates the value of edible fats 
has been the subject of more frequent controversy than rancidity, 
and it cannot be said that we have yet a full understanding either 
as to the cause of rancidity or the products of the chemical reac/tions 
which bring it arfout. R. H. Kerr,*® as a result of experiment and 
experience as well as a consideration of the theoretical possibilities 
involved, ‘defines rancidity as the spontaneous ^oxidation of the 
unsaturated glycerides of fats, thus modifying the opinion of 
Lewkowitsnh,^^ who attributed rancidity to the oxidation of free 
fatty acids. The development of rancidity can be absolutely 
prevented by the exclusion of oxygen, but with oxygen present the 
production of the 5fancid state is assisted and accelerated by such 
factors as light, heat, moisture, and the presence of certain metals, 
particularly copper and zinc. Certain bleaching earths have also 

• J. C. Drummond, K. H. Coward, and A. F. WatsAn, BiocAfiwi. «/., 1921, 
15, 540; J., 1921, 746a. 

’ J. Biol Chem., 1921, 47, 89 ; J., 1921, 599a. 

• E.P. 138,328 ; J., 1921, 57a. 

» Seifens. Zeit, 1921, 48, 591,* 677. 

Cotton Oil Press, July, 1921, p. 46. 

Lewkowitsch, “ Chem. Tbch. and Anal, of Oils, Fats and Waxes,” 
1913, vol. 1, p. 61 
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been found to have marked oxidising properties and are capable 
of bringing about a condition of incipient rancidity. W. N. 
Stokoe^* points out that whereas micro-organisms can have no 
part in the production of rancidity in pure fats, since, if introduced 
into such fats they quickly die, in butter and margarine an adequate 
nidus for the development of the organisms is provided and rancid 
conditions quickly follow upon their gro'v^i-h, which is little re- 
strained by su(;h preservatives as are usually found, or allowed, in 
fatty foodstuffs, i.e., salt and boron compounds. It is vitally 
necessary to prevent the contamination and invasion of butter and 
margarine by undesirable organisms which are introduced chiefly 
from the raw materials used in their manufacture. The resistance 
of mould spores to high temperature is recognised, but it would not 
be anticipated that deodorised oils which have been heated to a 
temperature as high -as 150°~170° C. for several hours can contain 
fertile spores. Wooden barrels are considered to be unsatisfactory 
containers for such oils as they cannot be fully sterilised and moulds 
grow upon them readily. 

It cannot be said that the work published during the year on 
the preparation of fatty acids from hydrocarbons has thrown any 
further light on this difficult problem. It is clear that some of the 
workers have realised that the highly complicated liquid oils are 
much less satisfactory raw materials for their oxidation processes 
than the simpler though still complex paraffin wax. 

C. Griinacher oxidised the wax by a current of air containing 
2% of nitrogen peroxide. The products obtained after several 
days’ treatment at temperatures which w^ere varied between 110° 
and 150° C. consisted of a mixture of acetic, butyric, and higher 
fatty acids. When pure w-undecane was treated with nitrogen 
peroxide for 10 hours at 140° C., 40% of the hydrocarbon escaped 
oxidation and no acid of higher molecular weight than n/moic acid 
was found amongst the products of oxidation. This result only 
confirms the opinion that oxidation processes of this kind tend to a 
continuous reduction of the molecular weight of the oxidation pro- 
ducts, the reduction being in great measure directly proportional 
to the amount of oxidation effected. i 

A. Schmidt oxidises paraffin wax by blowing air through it for 
about 50 hours at 100°-120° C., and claims that the presence of a 
catalyst such as mercuric oxide or previously treated wax increases 
the rapidity of theireaction. It is necessary to separate the mixture 
of acids, aldehydes, alcohols, etc. from unchanged wax by distil- 
lation. F. Fischer and W. Schneider have continued their work 

1* J., 1921, 75t. 

» Helv. Chim, Acta, 1920, 3, 721 ; J., 1921, 4a. 

• i*'E.P. 142,507; J., 1921,72a. 

Qes. AbhandL Kennt. Kohk, 1919, 4, 35. 48, 101 ; J., 1921, 290a. 
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on the oxidation of parattin wax by treatment with air in presence 
of an alkali and various catalytic substances, amongst which iron, 
manganese, copper, ceiiipn, titanium, fuller’s earth, and charcoal 
are enumerated^ Schmidt’s claim that mercuric oxide acts as a 
catalyst is disputed. Various acid^ conforming to the general 
formula CnHanOg and containing 19, 17, 15, and 13 carbon atoms 
have been identified in the oxidation mixture. The actual percen- 
tage of these acids of high molecular weight is not stated. 

W. Schrauth and P. Friesenhahn,^® following the old principle 
of alkaline oxidation originated by SehaaP’ and adopted by Fischer 
and his co-w orkers, claim that a higher percentage of fatty acids is 
obtained if sodium hydroxide is used as the alkali, stating that if 
sodium carbonate is employed anhydrides, lactones, and waxy 
substances arc produced. Tt is proposed to prepare a soap from 
950 kg. of a mixture in n(‘arly equal proportions of beeswax, paraffin, 
and ccresin, using only 30 kg. of sodium hydroxide. Soap so 
produced could have little of the composition and few of the proper- 
ties ordinarily associateckwdth the material. The numerous patents 
’which have been taken out in Germany covering the production of 
substances of a like kind to this which possess in small degree only 
the properties of soaps, lead one to the conclusion that only because 
of most urgent need would they liave been thought of at all. ‘Tt 
is clear from even a cursory examination of the available literature 
on the subject . . . that a great deal of fundamental knowledge 
is lacking and that comprehensive researches must bo initiated if 
su(!ccss is to be attained. Until the complicated mixtures of 
hydrocarbons of many different series which exist in the natural 
petroleums have been studied in great and almost wearisome 
detail, that is un^l we know' what we are working upon, and can 
separate differtint compounds wffiich react specifically, we shall 
not solve the problem of the production of fatty ,acids, unless we 
do so by chance.” 

Whilst the hydrolysis of fatty glycerides by means of the Twitched 
reagent offers possible technical and economic advantages over 
the other ordinarily used methods, the process has all along suffered 
from the fact that tltc fatty acids obtained are seriously depreciated 
in colour and the time required to obtain a high percentage of 
hydrolysis is so long. The purified form of the Twitchell reagent 
known as “ Kontakt ” splitter has effected somd improvement on 
the process, but the defects are still obvious. F. floyer^® attributes 
this discoloration to th(? sulphuric acid which is used in the splitting 
operation, the acid being added both in the free state and combined 

Chem.-Zeit., 1921, 45, 177 ; *J., 1921, 226a. 

" J., 1886, 679. 

J„ 1921, 64r. 

Z, Dm, Oeh u, Fett-Jnd,, 1921, 41, 113 ; 1921, 354a. 
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in the reagent. This statement might be accepted without question 
if the darkening of the fatty acids ceased with the removal of the 
sulphuric acid when the splitting operation is completed. It is 
well known, however, that Tw'itchcll fatty acids^ become further 
discoloured on being kept for some time even alter the mineral 
acid has been carefully removed. The Twitchell reagent is prepared 
by sulphonating a mixture of naphthalene and oleic acid, and it is 
now claimed by R.H. McKee and L. J. Lewis-® that if the naphtha- 
lene be replaced by cymene a reagent is obtained which is cheaper, 
more rapid in its action, and more constant in composition than 
the older products. As cymene is a by-product of the manufacture 
of spruce wood-pulp, is easily prepared at a pric^e at least as low as 
that of benzene, and is available in large (quantities, the further 
development of its aqiplication in the manufacture of a fat-splitting 
reagent will be watctied with much interest. 

Drying Oils. 

There is little doubt that our ignorance of the reactions which 
take place during the drying of oils is in great mc'arure duo to the 
fact that the preparation in the pure state of the censtituents of 
oils, and especially those of them which arc liquid at ordinary 
temperature's, is surrounded with so much difficulty. Until this 
has been done and the properties of the j)urc substance's are known 
it is certain that a considerable element of doubt will surround 
the theories put forward to explain the varied changes which 
take place when oils are subjected to ordinary methods of technical 
preparation or use. The work of S. Coffey-^ on the oxidation of 
linolic and linolenic acids has evidently been prompted by a 
realisation of this fact. The method suggest d by Erdmann -- 
for the preparation of pure « -linolenic aciel by fractional crystal- 
lisation from alc«ohol of the zinc salts of the liquid fatty‘acids from 
linseed oil has always looked to be of doubtful utility, and Coffey’s 
careful examination of it has fully proved it to be unsatisfactory. 
In the course of this work Coffey obtained a mixture containing 
about 10% of linolenic and 90% of linolic acid, which on complete 
oxidation absorbed 27-1% of oxygen, and ddring oxidation very 
little acidic volatile products were formed, showing that in the 
drying of linseed oil the acidic substances which are produced 
originate wholly ^rom the linolenic acid. By taking advantage 
of the method of Erdmann and Bedford for producing the pure 
yS-acid from a mixture of the a- and )8-liifblenic acids and deter- 

20 Chem. and Met. Eng., 1921, 24, 969 ; J., 1921, 477a. 

21 Chem. Soc.^Trans., 1921, 119, 1152; 1306: 1408 ; J., 1921, 630a, 707a, 
780a. 

22' Z. physiol. Chem., 1911, 74, 179. 

” Ber., 1909, 42, 1324. 
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mining the oxidation values of the mixture and the separated 
^-acid, it was possible tcj deduce the results of the oxidation of 
a-linolenic acid, the forjn in which this acid occurs in linseed oil. 
The general out^;ome of the above work is to confirm the compo- 
sition of linseed oil as given by J. N. Friend. Coffey has im- 
proved the method of ded-ermining tfie true oxygen absorption of 
drying oils suggested by J. N. Friend by exj)osing known weights 
of the oil distributed on filter paper to the action of oxygen in a 
closed vessel in presence of absorbents for the volatile j)roducts of 
oxidation, the apparatus being so constructed that it could be 
kept in a thermostat at 100° C. At this temperature it was possible 
to complete the oxidation of the oil in six to seven hours, whereas 
at ordinary temperatures absorption is not complete even after 
seventy days’ exposure. 

Our knowledge of the behaviour of linseed oil when subjected 
to heat has been carried forward by the work of P. Slansky and 
of S. Coffey.^’ The former considers that the coagulation of oxidised 
glycerides plays an imp^)rtant part in the drying process, being 
appar(‘ntly a two-stage ])ro(^ess in which the glycerides arc first 
oxidised and subsequently change from the sol to the gel form as 
is shown by the coagulation of the oil. During the ])eriod of this 
physical change the chemical ]>roper{ies of the oil are only slightly 
altered. He further assc'j’ts that the polymerisation of the oil on 
luiating in absence of air proceeds similarly to the oxidation by 
air, solidification and the formation of an insoluble fraction taking 
place in an interval during which the iodnu' value changes by only 
a fraction of a unit. Coffey's experiments were carried out in 
absence of air under the pressure arising from heating the oil in 
sofilcd tubes to a temperature maintained between 250° and 2G0° C. 
Th(‘- heated oiUrapidiy became lighter in colour than the original 
and developed the characteristic light green finorescemee of “ litho 
oils.” Examination of the heated oil at seven-hour intervals 
clearly exhibits th*e fact that after 21 hours’ heating a marked 
thickening (5f the oil takes place, a change w hich is coincident with 
similar, though less distinct, breaks in the specific gravity and 
acid value curves. jC-hangc in the solubility of the oil in acetone 
was also noted during these changes. Ateer 21 hours only 5% 
of the oil had become insoluble in acetone, but a further 7 hours’ 
heating had raised this to about 25%, and aftes 42 hours the oil 
was practically immiscible with the solvent. As4^^1ie hexabromide 
value, originally 43%, had become zero after only 7 hours’ heating 
it is clear that polymerisation of the most highly unsaturated 

“ Chemistry of Linseed Oil, ”*1917, p. 56. 

Chem. Soc, Trana., 1921, 119, 1152 ; J., 1921, 630a. 

Z. angew. Chem., 1921, 34, 86 ; J„ 1921, 817a. 

2’ J., 1921, 19t. 
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glycerides is an early result of the heating. As the evidences of 
coagulation do not appear for some time after this, it is also certain 
the ■^Toducts first formed undergo* still further change until 

substances are at last formed which coagulate qui^pkly. 

A. P. West and Z. Montes state that a sampJe of Jumbang oil 
prepared by pressing the seeds of AlemiicH wohccana had the 
following composition : — linolenin 6*5%, linolin 334%, olein 
56-9%, glycerides of solid acids 2*8%. Tlie oil had excellent drying 
properties. 


Hemi-Drying and Non-Drying Oils. 

It is not uncommon to find references in technical and scientific 
literature to attempts which arc being made' by cultivation and 
selection to improve the oil content of oil-lx'aiing seeds and nuts. 
That much can be (lone in this direction there (uin be no doubt, 
since it is well known that the compositi(Ri of the cionstituents 
of the various parts of plants is strongly influeiu'c'fi by climate, 
soil, season, fertiliser, and variety. Such a ])roeess of scjlection 
as is indicated may, however, be limited in its appli(;ability for 
somewhat unexpected reasons. A case in point is exhibited by 
1 ‘ecent endeavours to establish high oil-producing stj ains of cotton, 
about which it is reported^* that “within a variety, dilTerent plants 
of cotton yield seed containing varying percentages of oil. High 
and low oil strains have been developed, but it has been found that 
high oil strains give a low turnout of lint. In* the strains thus far 
established the incr(‘ase of value due to the higher oil has not been 
sufficient to offset the low yield of fibre and they are not considered 
of commercial value.” 

The average oil content of cottonseed grown in the United 
States®® during the three seasons, 1916-17 to 1918-19, was 306 lb. 
per ton of seed, and the average meat content for the &ame period 
was 978 lb. per ton of seed. The seed produced in Mississippi, 
North Carolina, and South Carolina yielded "more than 3201b. 
of oil per ton, whilst that produced in Louisiana, Mis'sissippi, and 
Oldahoma produced more than 10001b. of meats per ton. That 
variety has a considerable effect upon the c(«.mposition of the oil 
obtained from seeds is made evident also by the results of the 
examination by G. S. Jamieson, W. F. Baughman, and D. H. 
Brauns®^ of two samples of arachis oil prcpai’ed respectively from 
Spanish type and Virginia type nuts : — Unsaponifiablc matter, 
0-2, 0-3%; olein, 52-9, 60*6%; linolin, ^24-7, 21-6%; palmitin, 
8-2, 6-3% ; stearin, 6-2, 4*9% ; arachidin, 4-0, 3*3% ; and ligno- 

28 Philippine J. Sci., 1921, 18, 619 ; J., 1921, 896a. 

28 Ann. Rept., Texas Agric. Exp. Stoition^ 1920. 

. U.S. Dept. Agric., Bull. 948, Aug., 1&21, 

» J. Amr. Chm. Sqq,, 1921, 48. 1372 j 1921, 740a, 
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cerin, 3-1, 2-6%. In neither case could hypogseic acid be detected. 
Besides the internal variations of these figures, they differ in several 
respects from those hithg:to published for this oil. 

The publisbedkhemical characteristics of kapok oil are so variable 
that the results of a recent examiiijition of Indian kapok seed^“ 
obtained from Bomhax nmlabaricnm are of undoubted interest. 
The seeds, which contained 8*9% of moisture, jdclded 22*3% of a 
bright yellow oil which had the following characteristics : — Sp. gr. 
()'9208 at 15" C. ; acid value, 9-3 ; saponif. value, 193-3 ; unsaponi- 
fiable, 1-0% ; ; titre, 38-0° C. The low iodine value of 

this oil compared with that of the oil obtained from the seeds of 
Eriodendron anfractuosvm, which are shipped to Europe as Java 
kapok seed, ex 2 )lains the many seeming discrepfincies in the pub- 
lished analyses of the oil, especially since the latter seed aj)pears in 
much larger quantities in the market. An interesting examination 
of certain seeds sold as mustard seed is reported by A. Viehoever, 
J. F. Clevenger, and C. 0. Ewdng.^® They were found to bo Chinese 
colza, Brassica cam/pcsinis chmohifera, Viehoever, n. var. The 
>'olatile oil from the seeds proved to be crotonyl isothiocyanate, a 
known constituent of rape seeds which cannot replace mustaixl oil 
in its ordinary applications. The fatty oil had all the general 
characteristics of ra 2 )c oil. 

Oil from the seeds of the cantaloup melon. C'ucumis melo L., 
has been examined by W. F. Baughman, D. Brauns, and G. S. 
Jamieson, who state that it c^msists of glyceridc's of myristic acid 
0‘3%, of palmitic acid 10-2%, of stearic acid 4-5%, of oleic acid 
27*2%, and of linolic acid 56*6% ; unsaponifiablc matter M%. In 
spite of the presence of so high a percentage of the glycerides of 
linolic acid no developed even after a week’s exposure to air 
on a glass jdale. 

The pos?ribility of using lemon seeds, which arc obtained in large 
quantities in various branches of the citrus industry, as a source of 
oil is again raised by the 2 )ublication by Bertolo^^ of the results of 
his examination of the so-called j^aslazzo. From 30 to 35% of oil 
can be obtained from this material by extraction with solvents, 
and this w ould ajjpe^r to be the only satisfactory means of obtaining 
it, as the jjcculiar character of the material precludes the use of a 
pressure i)rocess. It has a dark yellow colour and retains a pro- 
nounced odour of lemons even after being washed with hot water 
or dilute sulphuric acid. Considerable quantities of oiange and 
lemon seeds are obtained in this country as a by-product of fruit- 
preserving operations, and it might be possible to use them as a 

Bull. Imp. Inst., 1920, 18, 33S ; J., 1921, 396a. 

J. Agric. lies., 1920^20, 117^; J., 1921, 89a. 

J. Amer. Chem. Soc., 1920, *42, 2398 ; J., 1921, 89a. 

Oiom. Chim. Ind. Applic., 1920, 1, 48 ; J., 1921, 153a. 
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source of oil and preferably if they can be worked in a reasonably 
fresh state. The oil obtained by Bert^lo contained only 2*82% 
of free fatty acids, whereas oil extracted, by the writer from lemon 
seeds accumulated at a works in this country an(t whicii had been 
kept in a heap for some time contained over 30% of free fatty acids. 
The chemical characters of the oil, which is of semi-drying type, 
are already well known. 

M. Andre'*® has examined eleven samples of grape-seed oil obtained 
from difft'rent sources and confirins previous observations as to the 
great ii*i‘egularity in its physical and chemical characters. 

The comparatively high acetyl value of some samples of the oil 
(45-50) is es])ccially noO'worthy. It is suggivsted by B. Kewald'*’ 
that t(‘chnical use might be made of the laige quantity of the sc'cds 
of the “ donkey thistle (Cynara cardmtmhs) which is obtainable 
in the Argentine. I'hey contain 41-44% of an oil vhich has the 
following characters : — Sj). gr. at 15^' C., 0*9242 ; solidif . pt., 13"' C. ; 
njji5^1-4770 ; acid value, T03 ; iodine value, 119. The ])ressed 
cake contains : moisture, 0-52 ; ash, 4*43 ; oil, ]0*96 ; j)roteins, 
52*5 ; crude fibre, 17*99%. E. H . Ducloux'*^ who has also examined 
the oil generally confirms Rewald’s figures and states tliat the oil 
in many respects resembles cottonseed oil. 

Solid Fats. 

A. Heiduschka and A. Steindruck,^® who have examined the 
product obtained from the mixed fatty tissues of the horse, found 
it to have m.p. 32*3® 0., sp. gr, 0*9224 at 15^0., 7i^^®=T4617, acid 
value 2*62, saponif. value 203*9, Reichert-Meissl value 0*42, 
Polenske value 0*37, iodine value 75*17, acetyl value, 14-12. The 
mixed fatty acids were found to consist of linolenic acid, 1*7% ; 
linolic acid, 6*7% ; oleic acid, 55*2% ; stearic acid, 6*8% ; palmitic 
acid, 29*5%. The acids also contained 0*43% of unsaponifiable 
matter mainly cholesterol. ‘ 

Mixed glycerides have been identified in the solid •constituents 
of goose fat by C. Amberger and K. Bromig.^® About 15% of 
stearin, which had iodine value 52-3, was sepii rated and was found 
to contain a-stcarodipalmitin, m.p. 57*4‘'C., and /3-stearodipal- 
mitin, m.p..G3-0° C. The liquid portion of the fat, which had iodine 
value 77*0, consisted mainly of triolein. Oleodiimlmitin, m.p. 
33*5® C., was identified in both the solid and liquid portions of the 
fat. Otoba butter, obtained from 'the s^cds of Myristica otoba, 
which is of frequent occurrence in tropical America, has been found 

3® Comptesrend., 1921, 172 , 1296, 1413 ; J., 1921, 477a, 518a. 

3’ Chem.-Ze'Ht., 1921, 45 , 805 ; J., 1921, 707a. 

3 / Anal Soc. Quim. Argentina, 1920 , 8,^410 ; J., 1921 , 396 a . 

33 J,prakL Chem., 1921, 102 , 241 ; J., 1921, 665a. 

« Phann, Zentralh., 1921, 62, 547 ; J., 1921, 740a. 
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by W. F. Baughman, G. S. Jamieson, and I). H. Brauns to consist 
of the glycerides of myrjstic and, to a lesser extent, lauric acids. 
Traces of palrqitic anc^ oleic acids were also present. Besides 
otobite, found ]|y Uricoechea in the unsaponifiable matter, another 
compound na.ni(‘d by the authors iso-ot(>bite,has also been identified. 

Marine Animal Oils. 

C'. Grimme'*- gives the composition of a sampk‘ of herring oil 
fatty acids as : — saturated acids, 20% ; oleic acid, 20% ; linolic 
acid, 33% ; linolenic acid, 17% ; clupanodonic acid, 9%. The 
sejjaration of tlu^ vaiious unsaturated acids was arrived at by 
taking advantage of the varying solubility of their bromine com- 
pounds in various pure and mixed solvents. The existence of the 
highly unsaturati'd acid having the formula mentioned 

by Tsujimoto^^ as occunang in Japanese saidine oil, is considered 
by the autlior not to be provt'd. T. Lexow,^^ liowever, mentions 
.this acid, as also anothei- highly unsaturated acid having the 
formula C^ 2 oll 3 „() 2 , as being amongst the proved constituents of the 
oil. A j)ossible (‘xplanation of Grimme’s failures to detect these 
acids in herring oil may be found in the fact noted by Lexow that 
the iodine value of herring oil, as also tlie yield of oil from the fish, 
varies niark(‘dly with the season of the year. In July, August, 
and September a yield of 13% of od having an average iodine value 
of 140 is obtained, whilst in March the yield is only 2% and the 
average iodine value 110. It has also been noted that whilst the 
saponification value is jiractically unaficctc'd by the season of 
the year, this valu(‘, as also the percentage of unsaponifiable matter, 
varies considerably with the latitude in which the fish is caught. 

The liver oil fym the sea-wolf (AnarrhicJias I'upvs, L.) is stated 
l)y T. Lexow ^ to be characterised by its low iodine value and high 
percentage of unsaponifiable matter. Oils from l^he livers of both 
male and female fsh were examined with the following results : — 
yield on the weight of liver 29-(>% and 34*5% respectively. The 
oils had ioJinc values, 131 -2 and 118’1, and contained unsaponifiable 
matter equal to 5*23 and 3-86%. 

Waxes. 

Mon tan wax, which is obtained from lignites by e^iAraction with 
solvents, still gives rise to a considerable ambunt of interest on 
the Continent. Since lignite, as mined, always contains a con- 
siderable j)roportion (ff moisture, and drying is costly, satisfactory 

J. Amer. Chem. Soc., 1921, 43, 199 ; J., 1921, 267a. 

« Chem. U^nschau, 1921, 28, 17 ; J., 1921, 267a. 

J. Chem. Ind. Tokyo, 1920, 23, 1007 ; J., 1920, 825a. 

** Chem. Umschayi. 1921, 2ir, 85, 110 ; J., 1921, 438a. 

Chem. Umschau, 1921, 28, 213 ; J., 1921, 779a. 
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extraction is best obtained by using such a solvent as a mixture 
of alcohol and benzol'*® in which a considerable amount of water 
can be held without depreciating the solvent capacity for the wax. 
It is now suggested by E. Donatli^’ that acetone to be prefeiTcd 
to this mixture, since it is a common solvent for both wax and 
water and is quite as efficient! as benzol when applied to Bohemian 
lignites. 

Altenq)ts to obtain montan wax from sevc'ial low4emperature 
tars derived from lignite have shown thfit although the wax can 
be identified in some quantity in the tars, the yield obtained by 
superheated steam distillation is so low that decomposition of the 
wax clearly takes place. Tlic wax is now being applied to the 
sizing of paper, patents covering its application foi- this purpose 
being held by J. W. Zanders®® and H. T. Bohme A.-G.®® 

Mutton-bird oil, wjfich is extracted from the stomach of Aestrelafa 
lessojii, a jietrel peculiar to Australia, has hevn (‘xamined by (\ L. 
Carter.®® The oil, which in many ways resembles sperm oil and 
must be regarded as a liquid wax, was of li^ht sti aw colour, and had 
a faint and not unpleasant odour. It had the following character- 
istics Sp. gr. at C., 0-884 ; free fatty acids, 2-23*X) ; higher 
alcohols, 38-4%; sajionif. value, 119-6; iodine value, 130 (Wijs). 
The mixed alcohols, which hM m.p. C!., were found to 

consist chiefly of cetyl alcohol, whilst the mixed fatty acids obtained 
after saponification consisted in the main of oleic add tliough 
their high iodine value indicates the presence of a certain proportion 
of acids of the liiiolic or linolenic series. 

Hardened Eats. 

The importance of the process of hydrogenation applied to fats 
has undoubtedly been lessened by the continuous appreciation 
in the proportionate value of the formerly cheap liquid oils to 
which the process was generally applied, and 'there is no doubt 
that the very general adoption of the process has itself been the 
cause of the increase in value which is now acting as a deterrent 
to the continued extension of its application.^ Improvements in 
the process most generally show themselves now in modifications 
of the catalyst, generally with the result of increasing its activity 
and extending its life. The effect of the association of some com- 
pound of aluminajwdth the nickel in bringing this about is made 
evident by several patents. E. Sittig and A. Granichstadten®^ 

G.P. 326,165 ; J„ 1920, 814a. 

« Brennstoff^Chem., 1920, 1, 86 ; 1921, 2, 28 ; J., 1921, 138a. 

G.P. 303,34t ; J., 1921, 384a. 

G.P. 331,472 ; J., 1921, 384a. 

6® V., 1921, 220t. 

8® E.P. 147,578 ; J., 1921, 857a. 
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have protected the use of a catalyst prepared by the reduction in 
hydrogen of the gelatin ous^precipitato obtained when a soluble nickel 
salt associated in solution with a salt of magnesium or aluminium 
is precipitated w|th silica{o of soda. It is claimed that this catalyst 
possesses special deodorising properties. »Similai‘]y, De Kordiske 
Fabriker De-no-fa Akticselskap'^*'^ ha’^e patented the precipitation 
and reduction of nickel aluminato, sodium aluminato being employed 
in this case as the precipitant. As a preveiiiivt^ of the j)oisoning 
of the catalyst by the formation of metallic soap resulting from the 
action of free fatty acid on the catalyst, E. R, Bolton and K. J. 
Lush^^ add a small quantity of mono- or diglycerides of fatty acids 
to the oil to be hydrogenated. This combines wdth any free fatty 
acid present or formed during hydrogenation and so prevents attack 
on the nickel. E. F. Armstrong and T. P. Hilditch^^ have con- 
tinued their investigation of the hydrogcnatiMi process, studying 
in particular surface area in relation to activity as well as the 
effect upon the rate and extent of reaction, of the specific nature 
of the catalyst. Raving^ correlated the apparent volume of various 
catalysts with thcii* activity, they especially point out the high 
apparent volume of nickel hydroxide reduced on kieselguhr com- 
pared with an unmounted catalyst. They further ascribe the 
variations in the catalytic pow'er of reduced nickel to the different 
surface areas, w^hich variations do not require for their interpretation 
the assumption of the presence of any catalyst (such as oxide) 
other than metallic nickel. 

E.P. 140,371 ; J., 1921, 90a. 

63 E.P. 162,382 ; J., 1921, 438a. 

64 Froc. Roy. Soc., 1921. a99, 490 ; J., 1921, 707a. 
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PAINTS, JMGMENTS, VAPNISHES, AND 
RESINS. 

By H. H. Morgan, PJi.I)., B.Sc., A.R.C.Sc., 

Mejisrs. Naylor Brothers (London), Lid., Slough, Bucks. 

There lias been a growing tendency of late years for writers of 
specifications to demand only that certain physical jiroperties 
shall be shown by the specified material, the question of composition 
and the pi’oblcm of how to get the deshed properties bcang left 
to the manufacturer. No doubt one of •the deti'rmining factors 
which led to this method of specifying by properties was the inability 
of the analyst to determine the chemical composition of the ri^quired 
product, but also it has gradpally become recognised that, in the 
majority of cases I’elating to the group of materials now under 
review, very little is known as to the relation between the so-called 
“ chemical composition ” and physical properties ; it is remarkable, 
however, how much faith is still placed on the results of a chemical 
analysis. The specifying of physical projierties necessitates a 
knowledge of how to test these properties, and consequently this 
change of attitude on the part of specification writers has been re- 
flected in the literature by the appearance of* fewer papers on 
chemical analysis and by a marked increase in the number of pub- 
lished investigations dealing with the physical properties of var- 
nishes, paints, and pigments. The application) of the results of 
these investigations to the needs of a specification is of iqjnor import- 
ance compared with the valuable information which they afford 
regarding the constitution of the various products and the changes 
that take place in the components during maiiufacture and during 
the drying and weathering of varnish and paint films. Furthermore 
the method 'of specifying by properties stimulates research, invention, 
and progress on the part of the manufacturer. It is to be feared, 
however, that, siiice research has not yet been collectively organised 
by the manufacturers concerned in tliis group of industries, the 
rate of progress in Great Britain is slower than it ought to be. 
The regrettable fact has to be recoi;ded that the proposal to form 
a research assbeiation in this country received only moderate 
support at the hands of the National Federation of Paint, Colour 
and Varnish Manufacturers. The cry is for fundamental research 
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rather than for investigations which will atta(;k problems directly 
by methods based on pasttexpcrience without seeldng to investigate 
the fundamental nature? vf the process.^ 

Paints and Pi^jmknts. 

It has long been universally recognised that both the durability 
and the “ finish ’ of a dried paint film are dependent to a con- 
siderable extent upon “ fineness of gn'nding/’ Moreover, it is 
understood in a general sort of v\ay that the latter tta’m involves 
not only the fineness of division of the pigment when in the dry 
condition, but also thc^ extent to Avhieh the j)igmentary x>articles 
have been dispei’sed throughout the medium. The full irajiortance 
of the degree of dispersion in tliis connexion does not, however, 
seem to have b(;en sufliciently realised. There is a large field for 
investigation as to how this degi*ec of dispersion dex>ends uj)on the 
size of i)iginentary particles, the sj)ecific natures of both i)igment 
and medium, and uxjon the mode and extent of grinding i)igment 
and medium together. *H. L. 8ulman^has shown, in connexion 
^vith or(^ flotation, that the degree of dispersion of a two-jihase 
system, th(‘ continuous phase of which is water, is dependent ujion 
the; degree of wetting of the disperse .phase by the continuous phase, 
and R. P. L. Britton'^ in a suggestive paper dealing with the physical 
chemistry of paint and varnish, points out that the ease with which 
a pigment can be wetted, or saturated, with the medium in which 
it is ground is an important factor in determining the fineness of 
grinding produced in enamels. Britton goes so far as to state that 
the term “ fineness of gilnding ” is in many cases a misnomer, the 
thicltness of an ordinary film of varnish being eight or ten times 
the diameter of I^ie largest particles of zinc oxide, and that the 
lirincipal action during the grinding of pigment and medium together 
is to force* the liquid into the solid particles to the point of satur- 
ation of the lattor. The exact meaning to be attached to this 
last statement is not quite clear, and since the suggestion is one 
which in the present state of our knowledge concerning the physics 
of solid particles rather difficult of conception, it would seem 
preferable at present to consider the matter from the point of view 
of dispersion and deflocculation, although when the work of I. 
Langmuir ^ has been further developed, Britton’s iioint* of view may 
prove the more fruitful. This subject has also attracted the 
attention during the past yea " of H. A. Gardner and R. E. Coleman.® 
These authors distinguish between the terms “ texture and 

' See Report of Committee for Scientific and Industrial Research, 1920-21. 

2 Bull Inst. Min. and Met, I^o. 182, Nov., 1919 ; J.,»1920, 27a. 

“ J. Oil and Colour Chern. j^soc., 1920, 3» 138. 

* See e.g. Trans. Faraday Soc., 1920, 15, 62. 

® Circ. 117, Paint Manufacturers'* Assoc. U.S . ; J., 1921, 227a. 
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** fineness ” as applied to pigments. Whereas the terms “ coarse ” 
and “ fine ” refer to the extent of the subdivision of the particles 
constituting a mass, the term “ texture ” is defined as the property 
of pigments to disperse readily and become fine'y divided when 
mixed with a liquid. Pigments arc said to be of soft texture ” 
if they disperse readily when lightly ground in a mixture of blown 
linseed oil and turpentine. Certain liquids will, however, cause 
flocculation in pigments, and thus a particular pigment may show 
a “ soft ttjxture " towards one medium and yet be of “ hard texture ” 
when mixed with another medium. Although this definition of 
texture is somewhat arbitrary, it describes a property of pigments 
which well repays examination in a pigment-testing laboratory, 
and is a strip in the right direction of reducing to first principles 
the confusion that undoubtedly exists among paint manufacturers 
with regard to the T2se of the expression “ fineness of grinding.” 
It seems doubtful, however, whether the use of the terms “ texture,” 
“ hard,” and “ soft ” in this connexion sufficiently emphasises the 
role of the medium. ^ 

In a review of the methods available for determining the size of 
particles C. A. Klein and W. Hulme ® draw attention to the import- 
ance of know ledge as to the size of pigmentary partich‘s and to the 
fact that the amount of published data on the subject is deplorably 
small. After adversely criticising the use of a screen, and also 
the method of subsidence in a liquid, these authors describe a 
modification of Schonc’s^ elutriator jis used by ’them. The various 
fractions consisting of approximately equi-sized particles have been 
examined microscopically, and the results expressed in a graphic 
method in which various sized particles are represented by different 
coloured areas, the extent of such area being proportional to the 
weight and particular size. Interesting results have already been 
obtained by the application of this method of mechanical analysis 
to the question of dry-grinding of barytes, showing how the degree 
of fineness varies with the time of grinding and with the type of 
mill used. Further results are promised by these authors on this 
and other cognate subjects, such as the relationship between size 
of particles and the important factors known as bulking value, oil 
absorption, and re-inforcement of paint films. These results wiU 
be awaited with considerable interest. With regard to the use of 
screens, which undoubtedly have a certain value in the approximate 
grading of powders, the experience of Klein and Hulme is to the 
effect that screens finer than 200-mesli are not satisfactory. C. D. 
Holley,® however, states that, as the result of eight years’ experience 
with the so-called 350-mesh screen which he developed and intro- 

® J. Oil and Colour Chem. Assoc., 1920, 8> 177. 

’ anal. Chem., 1868, 7, 29. 

® Paint, Oil, and Chemical Review, No. 21, Vol. 72, Nov. 23, 1921. 
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duced to the paint trade in 1915, the use of such a screen has been 
found eminently useful and practical in all respects. These screens 
were originally made ii^ France, hut have not been manufactured 
there since the w|;r. They are now being made in America, however, 
with wire having a diameter of 0-0014 inch, the apertures being 
0-0017 inch in diameter. Holley citds an instance where the cost 
of grinding a high-grade white paint was reduced approximately 
50% by using white lead having a residue of 0*5% on the screen 
instead of wliite lead having a 2-5% residue. 

Not infrequently the term “ fineness of grinding,” when applied 
to paint or enamel, involv''es further the question of “ consistency ” 
or fluidity — that property which governs the smoothing-out qualities 
of the paint so that the dry film is free from bi ush marks, humps, 
depressions, etc. In any case, “ consistency ” and “ grinding ” are 
intimately connected, and, whilst the existence of this relationship 
has always been recognised more or less vaguely by manufacturers, 
the sorting out of the scientific principles underlying it only became 
possible after the epoch -qiaking investigations of E. C. Bingham® on 
plasticity and the point of zero fluidity. His work demonstrated 
the fact that the measurements ‘‘yield value” and “mobility” 
completely exiiress the plastic nature of a substance. Later, 
E. C. Bingham and H. Green^® exteAded these ideas to paints and 
showed that paint is plastic, its “ consistency ” depending both 
upon its yield value and its mobility. H. Green” has now described 
further improvements and developments of the plastometer and 
its practical application to research and routine problems in the 
paint industry. This author^^ lias clearly shovn that the consistency 
of a paint is dependent upon the degree of dispersion of the pigment, 
which in turn involves the degree of wetting of the pigment and its 
particle size. u^ion this question, a valuable suggestion 

has been ipade by W. D. Bancroft’^ with reference to the amount 
of oil which should be used for the grinding of pigment pastes. He 
states that the ambunt of oil now used for a given pigment is very 
arbitrary, ahd the values given by experts often differ widely. The 
suggestion is made that reproducible figures could be obtained if in 
each case there was^etormined the amount of oil necessary to give 
zero fluidity, and, since this is more oil than manufacturers wish to 
use, some definite fraction of this amount might be adppted as the 
standard. The relation between consistency and size of particles 
is further emphasized by F. P. IngaUs,^^ who states that it makes 

r 

* U.S. Bureau of Standards, Sci. Paper No. 278, 1910. 

Proc. Amer. Soc. Testing Mat., 1919, 19, 640 ; J., 1920, 495a, 

Ibid., 1920, 20, Part 2, 451., 

12 Ibid., 1921. 

13 J. Ind. Eng. Chem., 1921,»13, 157. 

Circ. 135, Faint Manufrs. Assoc, U.S. 
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a great deal of difference whether there is a wide range between the 
maximum and minimum size or wlicthcT the particles are more 
nearly uniform. As the particles become finer the tendency to 
flocculation increases, and, unless counteracted by the dispersive 
power of the vehicle, all sorts of changes in the consistency and 
applicability of the paint may ensue. This has an important 
bearing upon the choice of a correct medium to suit a particular 
pigment, or, considen^d from the opposite point of view, upon the 
proper blending of pigments to suit a particular medium. F. G. 
Brc'ycF® states that most livering, thickening, or thinning down of 
paints on standing can be explained on the grounds of continuous 
increased or decreased wetting of the pigment by the vehicle. 
Attention has been drawn to the same point by H. P. L. Britton.® 
Writing on recent d(‘V(‘loj)ments in sj)ray painting, H. A. Gardner^® 
emphasises various advantage's obtaineel by the use of the spray 
gun, and gives the results of some (‘xposure tests on the relative 
durability of spray vemin brush painting. Attc'iition is also drawn 
to various points in connexion with the drying and flowing pro- 
perties of spray paints, and to the importance of obtaining the 
correct thicjkness of film. In this comicxion catterition is drawn 
to the “ film gauge ” recently devis(‘d by A. 11. Pfund for measuring 
the tliickness of wet paint films. In his original paper Pfund’’ gives 
a number of measurements for the thickness of i)aint films brushed 
out on glass which agree, to within 3^„ with those calculated from 
weight of paint and area of surface. Also spreading rates of tliree 
different i)aints were measured when brusluMl on primed wood by 
four different painters. The results varied enormously^ — nearly 
100% in one case — and show'ed that greater differences, as regards 
spreading rates, exist between individual painters than between 
different paints. As a result of several hundred tests upon a large 
number of paints applied to different kinds of surfaces, H. A. 
Gardner and P. G. HoldP® conclude that the instrument is accurate 
to within 25%. In the present writer’s opinioli the chief use for 
the apparatus would be in the paint research laborat'v)ry. 

As regards the durability of paint films as judged by carefully 
carried out exposure tests, several results have been recorded during 
the past year. The main point which emerges from the results of 
J. A. N. Friend^® is the marked superiority of litho oil as a medium 
over raw or “ boiled ” linseed oil. This is attributed in part to 
diminished permea-bility towards water, but mainly to the greater 
“ stability ” of the litho oil owing to the sg^turation of the double 

Circ. 135, Paint Manujrs. Assoc. U.S. 
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bonds (which takes place during polymerisation) rendering the oil 
less liable to oxidation and disintegration on exposure. Amongst 
the conclusions reached^ by H. A. Gardner^® is the fact that, in 
aluminium paints! there is advantage in using polished a'uminium 
jiowder over the unpolished, also that SOO-mesh powder has no 
superiority over the 20()-mesh material*. A critical survey as to the 
methods of carrjdng out exposure tests and the value to be placed 
on the results obtained therc^by is made by C. A. Klein. The 
question as to the best pigments to be us(^d in paints designed for the 
protection of metal surfaces is one on which there is, at present, fair 
agreement amongst j)aint technologists, and there has been little 
published on this matter during the last few years. There are still 
some fallacious ideas piwalent, h()\vever — chiefly in connexion 
with the use of grajihite and black paints — ^and attention should 
therefoni be drawn to an admirable summary by H. A. Gardner^® of 
substances used in such paints. A recent paper by J. A. N. Friend^® 
on a colloid theory of the corrosion of iron should also be consulted 
by those who are interested in the (piestion of the protection of iron. 
Kemarkable n'sults have heen obtained showing the effect of moving 
water on the corrosion of iron immersed in it. The influence of 
dissolved eleetT'olytes, jn-otective colloids, alkalis, and other 
substances has also been studied. • 

Owing to the action of the Governing Body of the International 
Labour ()flic(‘, much has been written during the past year in 
scientifle and in technical journals, as well as in the daily Press, 
on wdiat has come to be called the white li*ad controversy. As 
regards the relative merits of w'hite lead and other white pigments 
few^ if any, now facts have been brought forward on either side. 
It is rather surprising, how^ever, that during the discussion little 
has been heard ^a.b(^it the comparatively new pigments containing 
titanium and antimony. It seems remarkable, too, that so little 
reference sfiould be made to the part played by* the medium in 
paints ; it is idle tb talk about the relative merits of two or more 
pigments unless it is stipulated that the same medium be used in 
each case. Another curious feature of the controversy is the total 
disregard of all oth^r compounds of lead other than white lead. 
The chief points discussed during the past year, however, have 
ranged round the hygiene of the painter, the reliability of statistics, 
and the degree of accuracy with which cases of wljite lead poisoning 
may be diagnosed. In a lengthy but very ipteresting paper, 
H. E. Armstrong and (J. A. R-^in^^ describe elaborate and detailed 
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experiments on the question of the splashing which occurs during 
the operations of a painter. These experiments show, amongst 
other results, that painters do not inhale splashes, that splashes 
readily fall to the ground, and that not even a mint'te spray remains 
suspended in the air. In the same paper the question of the toxic 
effect of turpentine and other volatile thinncrs is discussed, and 
some interesting curves are given showing the comparative rates 
of volatility of a number of thinncrs and also their rates of evapor- 
ation from paints. It occurs to the present writer that perhaps 
useful information as to the toxic effect of tliinners might be obtained 
from statistics relating to the health of persons engaged in varnish 
manufacture, as distinct from paints. Owing to the judicious 
interposition and appeal of Dr. Lcgge, the representative of the 
British Government at the International Labour Conference in 
November last, an ^".xcellcnt compromise was an’ivcd at, and it 
thus seems probable that the recent activities displayed by the 
controversiabsts will decline. It is to be hoped, however, that 
immediate steps will be taken towards legal enforcement of the 
regulations relating to the use of white lead which were recommended 
at Geneva. 

Referring to the evaluation of white pigments, H. E. Clarke 
attempts to clarify existing ideas as to the use of the terms spread- 
ing power, hiding power, and opacity. This author restricts the 
use of the term hiding power to pigments, whilst the term opacity 
is applied to paints. Many interesting paints concerning the 
use of antimony oxide as a pigment are to be found in the same 
paper and in the lengthy discussion which followed it. The right 
of both antimony oxide and titanium oxide to be classified 
amongst the well-recognised white pigments appears to be now 
established. These pigments differ so much, however, in chemical 
character from the basic white pigments around which the pre- 
valent ideas of' paint mixing have developed, that th('y should, 
in fairness to all concerned, be used with caution by those whose 
knowledge of paint technology is restricted. Three patents 
by the Titan Co. A/S, referring to improvements in the process 
of manufacture of titanuim white, have appeared recently. Of 
several patents^’ referring to the production of new lake colours 
the most interesting appears to be that granted to the British 
Dyestuffs Corporation, Ltd., J. Baddiley, and J. HiU.’** The 
colour therein described is a yellowish-scarlet lake of great beauty 

J. Oil and Colour Ohem. Assoc., 1921, 4, 2. 
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of shade and resembles* the colours of .the Ponceau class, but is 
very much superior to tlu^ lattiT in its fastness to light. It is 
obtained in the usual nijinner from the monoazo dyestuff derived 
from m-xylidinet|alphonic’ acid and R-salt. The introduction of 
certain tungstic comjiounds during the process of precipitation 
of lakes is claimed by Bayer una’ (-o.-^ and by the Chemical 
Foundation Inc.^® as a method of increasing the fastness to light 
of the lakes so produced. 

In 1916 L. A. Keanc^‘ found that the yellow colour of bricks was 
due to the finely divided condition of the anhydrous ferric oxide 
jjresent, and that alumina Avas the important peptising agent. 
In the foUov'ing year F. H. 8c*heetz^“ jirepared stable mixtures of 
yellow fiiiric oxide and alumina l-y preci])itating solutions of 
ferrous and aluminium suljihates with calcium hydroxide, and 
heating the precipitate to 1060° C. J. H. Yoe'‘“ has now con- 
firmed and extended this work, and has obtained stable mixtures 
containing 8% of Fe^Oa and 92% of ALO3 on the one hand, and 
()% of FegO^with 94% of BaS()4 on {-he other. These mixtures 
are ycUow or buff in colour, and, whilst at present they may be 
o’lly of jiassing interest, the may, quite conceivably, arise a 
demand for such a pigment. An interesting observation bearing 
upon the well-known fact that in i;criain paints the colour of 
Prussian bluii is gradually destroyed, is made by F. Fritz,®* who 
states that if a small quantity of Prussian bhie be allowed to 
stand for a long time in contact with oxidised linseed oil, decolorisa- 
tion of the pigment takes place if a sufficient amount of moisture 
is present. The latter proviso is very significant. 

The problem of measurement of colour is one which is of vital 
interest to many industries, but in none probably is it more j^cr- 
plexing than in itJ^ a pplication to pigment and paint mixing. It 
is very desirable tiiat the colours of paints should be capable 
of being colorimetrically analysed and synthesi.^ed, so that it 
might be predicti'd *vAith certainty that by mixing certain pigments 
a product oi the desired colour would result. Valuable papers 
embodying the results of experiments bearing upon this question, 
and which must ev(jntually assist in attaining the desired end, 
have been published by C. E. K. Mees,®^ by A. E. Bawtree,®® 
and by T. M. Lowry.®’ When grading a number of ^ white pig- 

2** E.P. 143,242 ; J., 1921, 385a. 
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merits, ranging from a yellowish tint to a bluish tint, it is very 
difficult to decide which is the “ most correct wh>te,” and opinions 
will differ widely in this respect according to the taste of the 
observer. Scientifically, white is more difficult' to define than 
any other colour, and its definition is more or less arbitrary. The 
light of the mid-day sun (blue sky light excluded) reflected from 
a non-selective surface is white, but the difficulty is to be certain 
of the non-selective character of the standard surface used. 
Moreover, any attempt to put the subject of the grading of white 
paints on a scientific basis must involve not only a method of 
deciding as to whether or not a surface is white, but also a method 
of quantitatively indicating slight departures from white. Previous 
attempts in this direction have been unsuccessful owing to the 
fact that the departure from white is so small that accurate 
measurements of that departure are out of the question. A. H. 
Pfund,'^^ however, has recently de’vdst'd an instrument which 
shows every promise of becoming a valuablt?, and almost indis- 
pensable, piece of apparatus to the paint technologist. In this 
new colorimeter for white pigments the principle of multiple 
reflections is adopted in order to accentuate departure from white, 
and a piece of ground optical glass is used as a non-selective 
reflecting surface. In oraer to obviate the necessity of 
standardising a source of white light, the colour characteristics 
of the jiaint are given in terms of “ brightness ” for colours of 
dominant hue 460 (blue), 550 fifi (green), and 625 fifi (red),' 
respectively. In this way the colour characteristics are estab- 
lished uniquely and standard samples of paints may be discai’dcd. 
This method of investigation shows that all “ white ” pigments 
are yellowish, though when compared with one another some may 
be pinkish, bluish, etc. By the addition of a trace, of lampblack 
to a zinc oxide paint, the latter becomes nearly non-selective, 
and whereas tile “ brightness ” of the paint is diminished by only 
3*5%, its hiding power is increased by 17*5%.' 

Vaknishes and Drying Oils. 

«• 

In order to obtain uniformity in the brushing and flowing-out 
qualities of a varnish it has long been the custom to apply some 
sort of “ viscosity ” test, but of recent years it has gradually 
become recognised that measurements on “ consistency ” may 
afford valuable information as regards thcrconstitution and history 
of the varnish. The importance of viscosity in the study of the 
colloid state was pointed out by Wo. Ostwald®® so long ago as 1913, 
or possibly earlier, but probably the first published investigation 

* Proc. Amer. Soc. Testing Mat., 1920, 20, Part 2, 440. 

Trans. Faraday Soc., 1913, 9, 34. 
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relating to this aspect of viscosity determinations as applied to 
varnishes was that of M'> Y. Seaton, E. J. Probeck, and G. B. 
Sawyer, who steadied vijjcosity- temperature changes and obtained 
very striking results. In view, however, of the fact that the 
viscosities were determined by the poolittle instrument, and of 
the importance attaching to the deductions arrived at, the present 
writer feels that these results need confirmation. The desirability 
of studying the viscosity of heterogeneous systems at different 
rates of shear was pointed out in 1913 by E. Hatschek,^^ who 
showed that certain emulsoid sols possessed different viscosities 
at different rates of shear beOow certain limits, and, in 1920, 
A. E. -Bawtree*'^ emphasised the importance of determining the 
viscosities of varnishes under different rates of shear in order to 
obtain some idea as to their colloidal character. Referring to 
his experiments on stand oil Bawtree states tfiat the various times 
of efflux under different ju-essures give a “ clear mental picture of 
the (!olloidal structure? of the fluid, while the particular value at 
100 mm. pressure gives ajiisefful comparison as to general stoutness.” 
The various papers by E. Bingham and H. Green bearing on 
consistency have dealt chiefly with clays and paints, but during 
the past year H. A. Gardner and P. G. Holdt have ap])lied the 
Bingham plastometer to the measurement of consistency of varnish. 
Over fifty samples of commercial varnishes, whose absolute 
viscosities ranged from 0*6 to 5*5 poises at 25° G., were examined, 
but in only a few of these was any indication of plasticity found, 
and in most of these few cases the “ yield value ” was very small. 
The existence of a high yield value corresponded with stringy 
consistency and poor working qualities in the varnish. In the 
same paper desciajntii'ns of various other tyj>cs of viscometers 
are given, and *com pcoison has been made between the Bingham 
instrument, the McMichael and the Doolittle vigeometers. The 
method described b^ W. H. Hcrschel ** has been used for calculating 
absolute viscosities from readings on the McMichael instrument, 
but the values so obtained are in only fair agreement with corre- 
sponding values from the Bingham apparatus, whilst readings 
on the Doolittle viseometer appear to bear no definite numerical 
relation to absolute viscosities. A ce^ain amount of evidence, 
mainly from the use of the McMichael Instrument, • is brought 
forward in support of the view, which has frequeni^ly been suggested 
before, that certain varnishes possess a struotui^ which may be 
broken down by shear lesultmg from violent agitation or pressure. 
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The evidence, however, is not conclusive, though in view of the 
well !.nown behaviour of certain greasc» under tfimilar conditions 
the suggestion cannot be said to be imju^djable. df seen 'dous, 
however, that more definite indications were Ifiot fortu ning 
from the results obtained \\;ith the Bingham apparatus. Oi^* 
the most important applications of the iatier instrument slioulcJ 
be in the investigation of certain und(^siral)le qualities in A^arnislies 
and of the changes that take place on ageing That some of such 
changes may be due to change in surface (mi igy ri-lations resulting 
in a gradual increase in the size of particle agg ri'gatt'S is suggested 
by the jirescnt authors, and a similar view has a Iso bisen }nit forward 
by R. P. L. Britton/'' The latte? wriici stuies further that in 
some other cases the “ sugaring up ” of varnishes may bo due to 
the reversion of superfused resins to the crystalline state. Gardner 
and Holdt, in the paper referred to above, give the result of an 
ultramicroscojiici examination of varnishes. The number of 
Xiarticles pi^r e.c. is given for a large range of different types of 
varnishes, but there is no sort of jiarallehsm between the number 
of pjirticles of the disperse jihase and the type of varnish. The 
Brownian movement is almost completely dampi^d by the viscosity 
of the varnish. The samples of high viscosity showed cither a 
very large number of small jiarticles or a smaller number of very 
large particles, the size being indicated by their relative brightness. 

That many of the problems relating to the drying and weathering 
of varnish films can be explained only by paying more attention 
to surface concentrations and to changes in surface energy has 
been pointed out by R. S. Morrell, and it would appear desirable 
therefore that more data should be available, respecting the surface 
tensions and intcrfacial tensions of varnishes and of varnish com- 
ponents. No doubt such values would provide a certain amount 
of useful information, but on the other hand it is difficult to see 
how exactly in the present state of our knowledge regarding the 
surface energy of solids, the results could be applied to the problems 
in question. In his presidential address to the Od and Colour 
Chemists’ Association R. S. MorrelB® gives new values for the 
surface tension to air and interfacial tension to water of a number 
of varnish components. H. A. Gardner and P. C. Holdt^’ have 
also given 'this matter some attention and have published a fist of 
“drop numbers'’ in water for various oils and thinners. There 
would appear, However, to be no ^ort of agreement between the 
results obtained by these different investigators. This may be 
not altogether surprising when one remembers the variable 
character of some of these substances, but the observations of 
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W. C. Reynolds^® are particularly interesting in this connexion. 
This author find| that a ^modification of the capillary method of 
measuring surface tensi 9 n can be employed to measure interfacial 
tension to a mucfi greater degree of accuracy than can be obtained 
by the use of the drop number method. By means of this new 
method of observation evidence m^y be obtained of chemical 
action or of changes in surface concentration which otherwise might 
be overlooked. Turpentine in contact with air undergoes oxidation 
so rapidly that the accurate measurement of its interfacial tension 
in contact with water is made very difficuli ; thus, four samples of 
the same turpentine, distilled under dilTerent conditions as regards 
access to air, gave values ranging fioni JO-2 to 34-2, although they 
all siiowod the same value, 27-2, f( r the surface tension to air. 
Moreover, the higher values very quickly fell on allowing the 
samples to stand in contact with air. /\fter fftanding for 111 days 
in a bottle plugged with cotton w'ool a value of only 1-06 
was obtained. The (piantity of oxidation product producing 
this enormous dilTerence is very small, and the more apparent 
j)roj)erties of the turpimtmc riunain unchangi'd. These remarkable 
r. suits of Reynolds w'ould appear to have considerable bearing 
upon the use of turpentine in A^arnishes. 

Were our knoAvledge of surface eitergy relations more extensive 
it is probable that many problems concerning th(‘ permeability and 
welter- absorbing pow'er of varnish films would bo more readily 
understood. R. 8. MorrelB® in continuation of his investigations 
on this subject has definitely established the fact that dry varnish 
or oil films act as semipermeable membranes in aqueous solutions 
of salts. Inten'sting conclusions have also been reached by this 
author regarding the relationship between the i)ercentago of water 
absorbed by a ^rwA arnish film and the proj^ortions of resin, poly- 
merised oil^ linoxyn, and driers present in the film. In the main, 
the experience of the present waiter is to confirm Morrell’s conclu- 
sions, but there ai^^ a number of anomalies which require further 
elucidation.* These would appear to be due largely to the fact 
that the water absorption as measured is usually, if not invariably, 
a composite quantify comprising not only the water dispersed 
throughout the varnish film, but also a layer of w^ater enclosed 
between the varnish film and its su23port.” Quite prgbably there 
is a connexion between these tw^o terms, to the extent that as water 
is absorbed into the film the adhesion between the film and its 
sujijiort becomes Avealjcned, hut on the other hand, they are 
probably not affected to the same degree by variable conditions, 
such as the thickness of the film, the nature and condition of the 
material to which the film is 'attached, and the rate of drying of 

** Chem. Soc. Trans., 1921, 119. 400. 
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the fQm. Further development along Morrell’s line of attack should 
lead to interesting and valuable results. . • 

Of quite common occurrence nowaday]^ m varnish specifications 
is a test referring to the tendency of a dry varniih film to whiten 
when immersed in water. It is important therefore that the cause 
and nature of this whitening be better understood than it is at 
present. There seems to be no very definite connexion between the 
degree of whitening and the water absoiqition as measured by 
Morrell’s method. This may possibly be due to the failure of 
Morrell’s test to diflerentiate between “ dispersed ” water and 
“ occluded ” water, as mentioned above, or, again, it may be due 
to a difference in the form of the emulsion produced, owing to 
differences in tlie constitution of the varnish. As a result of a 
series of tests, E, G. Bloch has concluded that there is no connexion 
between this whitemng effect and the durability of a varnish. 
The fact that all the varnishes tested l)y Bloch cracked and perished 
after only 14 weeks’ exposure would seem to indicate that his choice 
of varnishes was not a particularly suitalfie one. Neveiiheless, 
the ex])erience of K. 8. Morrell^* confirms the actual conclusion 
reached by Bloch in so far as non- whitening is, by itself, no 
criterion of durability. It is the opinion of the present writer 
that, in making this test an indication as to durability under normal 
conditions of exposure, less attention should be i)aid to temporary 
whitening and more attention to tlic intensity of the whiteness, 
to its degree of permanence after i-emoval of the film from the 
water, and to any permanent injury to the film resulting from 
immersion. Morrell^® has, however, put forward the suggestion 
that, if brittle varnishes be excluded, then the water-resisting 
power of elastic varnishes is a measure of their durability. To this 
end brittleness of a dried film is arbitrarily defined with respect 
to both time and temperature of drying and to j)owcr of resistance 
to fracture on bending. There is no doubt that amongst varnishes 
of the same typo, and made on similar lines (the only differences 
being in the ratio gum-resin to oil), Morrell's method accurately 
differentiates as regards durability. But to be of wider application 
it is the present writer's opinion that other factors will have to be 
taken into consideration. It is just possible that more accurate 
predictions might be made if the method of differentiating between 
brittle and elastict varnishes were amplified somewhat on the lines 
of the kauri reduction test recommended long ago by American 
writers, and reconfirmed by them quite rectntly.®^ In the writer’s 
opinion, however, the effects on durability of excess driers and of 
different degrees of polymerisation are not sufficiently indicated by 
the above tests. 

^ Dnigs^ Oils and Paints, 1921, 88, 42^. 
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In connexion with Brittleness tests mention may be made of 
some trials by A, Gardner in which he measured, by means of 
paper-testing machines, ftie bursting strength and tensile strength 
of bond paper fvhich hhd been varnished and dried ; the same 
varnished papers were also exposed to weathering influences, but 
the results seem to be of little value.* H. Wolfl has also described 
a method for testing the elasticity of varnish films. By means of a 
simple home-made device, the angle is measured at which fracture 
of the film occurs when the latter and its support (tinned iron, 
parchment, etc.) are gradually bent. The nature of the fracturing 
is also taken into account. With elastic varnishes the number of 
repeated bendings, backward and forward, is observed. The 
effects of thickness of film, number of coats, and other factors, on 
elasticity have been studied and are recorded. The same author 
has described an attrition test for varnish films. A simple 
mechanical device is used in order to obtain a uniform pressure 
between the film and a “ scrubber ” ; and h(‘nce the weight of 
film lost per unit area in unit time when scrubbed ” at constant 
pressure may be deterntined. 

It is evident that there are wide differences of opinion as to the 
most important factors to bo taken into consideration in predicting 
as to the durabihty of varnishes,* and it seems necessary that 
many physical tests be made both on the dried film and on the 
varnish itself ; moreover the results so obtainec^ must be interpreted 
by a skilled varnish technologist. It is possible that some chemical 
test regarding the nature and quantity of driers might be advan- 
tageous, though this is very doubtful. Much time has been spent 
in attempts to devise so-called accelerated weathering tests ; 
also the effects produced by corrosive gases and hquids have 
frequently been f#iir forward as affording evidence regarding dura- 
bility under normal conditions of exposure. It is the writer’s 
opinion, however, that little will be gained by sfleh methods, and 
that there will be? no real advance until more is known as to the 
relation b^ween durability and the physico-chemical properties 
of the undried varnish. It is in this direction that knowledge is 
so badly needed. ^ 

There is very little to report in connexion with cellulose varnishes- 
R. 0. Herzog, A. Hildesheimer, and F. Medicus ” discuss in great 
detail the properties and manufacture of nitrocellulose lacquers. 
They have studied the influence of a large nu^iber of esters and 
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other substances on various properties of the film, sucli as elasticity, 
water absorption, etc. A. HiJdesheimey, in af patent for the 
production of flexible lacquers from cellulose gst(‘rs, describes 
the use of glycol esters of fatty acids of non-dryir^ oils, the esters 
being prepared by the aid of catalysts such as TwitcholFs reagent. 

In 1918 a patent was taken out for the y)roduction of varnishes 
“ just as good as the more expensive gum varnishes ” by the intro- 
duction of furfural into linseed oil rosinate varnishes, but C. 
Coffignier has now shown that the furfural plays only the part 
of a solvent in the varnish — ^just like turpentine. Modern methods 
which have been adopted in America during the last few years for 
erecting and installing varnish -making factories are d(\scribed, 
both by C. H. Jones and by P. W. Webster. Tli(‘ desiTiptions 
deal in particular with the question of ix^cov ery of fumes. M . Kagg 
describes experiments' to prove that when rosin and lead acetate 
are heated together at 11()°('. a definite compound of ‘‘ aceto- 
abietic acid ” is formed. Hence, by analogy, he suggests that the 
slow-drying propcrti(\s of linseed oil-rosin varnishes may be explained 
by the formation of similar complexes of the fatty and resin acids. 
The “ combination ” betw(‘en lead ac('t.ate and rosin is undoubtedly 
a fact and is very curious, but the assumption of an “ ai’.eto-abietic 
acid ” seems hardly justified. ‘On the other hand H. WollT and C. 
Dorn claim to have isolated from a linsc^ed oil-rosin varnish, 
crystals of a mixed resin and fatty acid glyccrid(‘ corresponding 
to 2 mols. of palmitic acid and 1 mol. of r(‘sin a^nd. 

An investigation by W. Matt * ' on the relative speeds of drying 
of linseed oil boiled with lead, manganese, and cobalt driers respec- 
tively, confirms many previously jiublished results bewaring on this 
question. One point is brought out, however, which is perhaps not 
so well known as it should be, but one which is siqiported by the 
experience of the jiresent writer, viz., that the rate of increase in 
the time of drying with increasing temperature varies (;onsidorably 
with the nature of the drier. For normal boil(!‘d oils the rate of 
increase is greatest with cobalt and least with lead, though if excess 
driers be present the problem becomes more complicated. This 
aspect of the question has been dealt with l\y R. P. L. Britton 
when referring to the fact that excess of driers causes a retardation 
in the rate of drying. He states that this is only so when drying 
takes place at orijinary temperatures, and that above a certain 

68 C.P. 338, 47r) }yJ., 192J, 708a. 

60 F.r. 494,300. *' „ 

00 Bull. Boc. Chim., 1920, 27, 8(55 ; 1921, 51a. 

01 Chew, and Met. Eng., 1920, 23, 771 ; J., 1920, 791a. 

00 (Jirc. 135, Paint Manujr.s. Assoc. IJ.B. 

60 Farben-Zeit., 1921, 26, 23.35 ; J., 1921, 552a. 

Chem.-Zeit., 1921, 45, 1086 ; J., 1921', 857a. ’ 

06 Farben^ZeiL, 1921, 20, 1441 ; J., 1921, 357a. 



PAINTS, PIGMENM, VARNISHES, AND RESINS. 345 

“ critical temperature ’** the rate of acceleration becomes normal. 
H. Wolff and 0.|Dom®® confirm much that has been written con- 
cerning the nature of the foots ” obtained from boiled oils. Non- 
precipitation off lead foots with certain samples of boiled oil is 
attributed to the protective effect of colloidally-dispersed albuminoid 
matter, agitation of the oil during heilting preventing that decrease 
in the degree of dispersion of the albuminoid material which is 
necessary for the coagulation of the latter. 

Questions as to the nature of the glycerides present in drying 
oils and the mechanism of their oxidation in the absence of driers 
belong more strictly to the section on Oils, Fats, and Waxes. They 
are dealt with more fully under that section, and a brief reference 
only is made to them here. 8. ('off(‘y®’ has carried out some very 
interesting experiments whereby the “ true oxygen absorptions ” 
of linseed oil and of its fatty acids have bc^m determined. This 
work may be regarded as a useful contribution to the study of the 
oxidation of linsec^d oil, but due caution must be observed in drawing 
any deductions tberefrpm concerning the drying of linseed oil 
films under normal conditions. Coffey himself draws attention 
to the comiilex nature of linoxyn, and states that it probably con- 
tains, among unchanged constituents of the oil, condensation 
products of those compounds which he has suggested arc the 
primary oxidation products of linseed oil. Quite apart, however, 
from questions as to condensation, polymerisation, and gelation, 
it is most probable that even the purely chemical changes taking 
place during the drying of linseed oil films under normal conditions, 
bear little more than a superficial resemblance to the changes that 
occurred under the conditions of Coffey’s experiments. Conditions 
of temperature, thickness of oil film, and the rate at which volatile 
products leave th^ilm, probably all affect even the modus operandi 
of the reactions occurring during the oxidation of a complex natural 
product such as linseed oil. The experiments of R. S. Morrell*® 
on the increase in surface acidity ” of a varnish film on exposure 
to air, though not strictly comparable, arc not without bearing on 
this point. The part played by the glyceryl radicle needs to be 
much more closely yivcstigated. This has been repeatedly pointed 
out by R. S. Morrell®® and others. The possibility of olein taking 
part in the oxidation process has been ruled out by Coffey, and the 
effect of the presence of mixed glycerides, the j)resencc of which 
has been indicated by Morrell and other investigators, has been 
neglected. A. Eibner^®® in R. recent j)aper discussing the causes 
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underlying the slowness of drpng of abnormal samples of linseed 
oil, states that linseed oils “ containing ” even large proportion 
of oleic acid, dry normally by virtue of tJii^ grouping being present 
as a mixed glyceride in combination wiih linolidlt and /or linolenio 
acid. The same author refers to the effect on the drying property 
of linseed oil by exposure to 'light, both during storage and during 
the process of ripening of the seed. P. Slansky,’® however, does 
not agree with Eibner in this respect and states that linseed oil 
expressed and exposed to air in absence of light dries normally. 
In the same paper Slansky makes some very pertinent remarks on 
the subject of the changes that take place during the drying of 
linseed oil, and confirms much that has been published previously. 
He regards a determination of increase in weight on oxidation as of 
little value in determining drying power, as it takes no account of 
the physical change ^f coagulation. This author also draws atten- 
tion to a certain similarity between the process of “ oxidation by 
air ” and “ thickening by heat in absence of air ’’ as applied to 
linseed oil.’^ In this connexion H. Wolff’^ Jias made? the observation 
that if pieces of thin tissue paper soaked m linseed oil are pressed 
together so as to form a compact block, and allowed to dry, the 
outer layers consist chiefly of oxidised oil and the inner layers 
chiefly of polymerised oil. Mv^re prolonged drying diminished the 
degree of difference between the layers w ith resj)ect to the proportion 
of oxidised fatty acids present. S. Coffey has studied the thicken- 
ing of linseed oil by heating it in sealed tubes jxt a temperature of 
250" C. for periods of time up to 42 hours. His results confirm many 
conclusions reached by previous investigators. A marked rise in 
the viscosity-time curve at 21 hours coincides with similar, though 
less distinct, breaks in the sp. gr. and acid value curves. 

Resins. 

During some recent experiments carried out {it Farnborough by 
the research department of the Air Ministry, aircraft propellers 
coated with tlapanese lacquer were spun at high speed when under 
the influence of a w'ater spray. The results showed that such 
coatings were far more durable under this seV'ere treatment than 
any covering involving the use of ordinary varnishes or paints.’^ It 
is well knoVm that Japanese lacquer hardens only when exposed 
to a moist atmosphere, and it is stated that the difficulty of appli- 
cation is a seriohs draw^back to it^ use. The investigations of 
R. Majima and his collaborators therefoi^, begun in 1907, are 
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particularly interesting. This work is not without bearing also 
on the subject cf artificiaj resins, although at present the connexion 
n^ay not be vjry appiarent. Majima’^ in 1915 synthesised 2.3- 
dimcthoxy- 1 -ri- Jentadecylbenzene , (CH 3O ) 2C gH 3(CH 2) j 4CH 3, and 
showed it to be identical with hydro-urushiol dimethyl ether which 
he had previously obtained by reducing and methylating urushiol,’’ 
the chief ingredient of Japanese lac. R. Majima and G. Taka- 
yama’® have now compared the phenomena observed on oxidising 
the monomethyl ether of urushiol with those observed when its 
lowest homologue, viz., 2 -hydroxy- w-tolyl methyl ether, is simi- 
larly treated, and so concludes that the oxidation of hydro-urushiol 
yields derivatives of diphenoquinonc. 

In continuation of the work begun by F. Reinitzer in 1914, two 
important papers have been published relating to the composition 
of Siam benzoin. This substance was then sh<swn to be a mixture of 
three colourless crystalline compounds, viz., benzoic acid, siaresinol, 
and lubanyl benzoate. I^e last-named substance, together with a 
number of its derivatij^es, have now been described by A. Zinke 
and J. Bzrimal,’^ and lubanyl benzoate has been given a constitu- 
tional formula consisting of a benzene nucleus having a hydroxyl 
group and a methoxyl group orientated in the or//m-position, together 
with the chain CH : CH . CHg . 0 .00 . ClgH 5 situated in the para- 
position with respect to the OH group. When crude benzoin is 
warmed with dilute aqueous caustic soda a ve^y sparingly soluble 
precipitate is obtained which can bo readily crystallised from 
alcohol and which is stated by F. Reinitzer’® to be the sodium salt 
of a-siaresinolic acid. The latter has the formula C30 H4 , 04, contains 
a carboxyl group, and is identical with siaresinol mentioned above. 

Several papers bearing upon the vexed problem of the constitution 
of the resin acids e been published during the past year. Although 

much intej’csting aud valuable information has accumulated respect 
ing the relationships between abiotic acid, retene, pinene, and so 
forth, much yet remains to be done before the constitution of the 
resin acids "is established, whilst even the composition of colophony 
is still largely a matter for speculation. A. Griin’® proijoses a new 
constitutional fornjula containing a bridged linking for abietic 
acid, which formula not only explains its general behaviour but also 
accounts for its formation from pinene. A number of abietic and 
pimaric acids may be formed by the condensation of 2 molecules 
of pinene in different ways, and others again f]y)m camphene and 
fenchene. A. J. Virtgnen®® ^exhaustively reviews the literature of 
’6 Ber., 1915, 48 , 1606 ; J., 1916, 128. 
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the resin acids and describes the prepardtion and properties of 
several hydrogenated retenes, most of which are surprisingly stable 
towards permanganate. He expresses the view thfit all resin acids 
having the formula C2oH3ft02 contain in'tiieir molecule a hydro- 
genated retcnc nucleus. O. Aschan®^ has isolated, from the less 
volatile fractions obtained by distilling pine oil in superheated 
steam, a new acid, C20H30O2, belonging to tlie abietic series. This 
acid, which has been named pinabietic acid, is well characterised 
and crystalline ; its rotatory power is affected to a remarkable 
degree by the nature of the solvent used, being strongly dextro- 
rotatory in aromatic solvents and Ifevorotatory to an approximately 
equal degree in aliphatic solvents. From an extended study 
of the properties and general behaviour of this substance, 
A. J. Virtanen®^ has established definite relationships between 
Aschan’s pinabietic acid, a new hydrocarbon pinabietene (CioHgg), 
and the hytlrocarbon rctene. As a result, he hcos put forward a 
constitutional formula for pinabietic acid which is probably very 
near the truth, although the evidence is not sufficient to decide 
between several alternatives in which the (lifferences are, hoAvever, 
of more or less a minor (diaracter. G. Dupont®® has shown that 
it is possible to extract both I- and d-pimaric acids from 
the “ gemme,” or exuded resin, of the Pinv^ marilirm, although 
under the acid treatment commonly used for the isolation of pimaric 
acid from this source, the laevo acid is usually changed to its dextro 
isomeride. 0 . Aschan®^ describes several members of a new series 
of acids which he has isolated from American colophony and which 
he has named colophenic acids. They have the generic formula 
W. Fahrion,®® however, recalls his own work on the 
autoxidation of colophony®® in which he had described products 
of a i 3 eroxidc nature having the formulae C20H30O4 and C20H30O6, 
and states that Aschan’s (;olophenic acid is apparently identical 
with his own oXyabictic acid. The methods of preparation em- 
ployed by Aschan would seem to support Fakrion’s contention, 
but, on the other hand, Aschan’s compounds appear to be more 
stable than those described by Fahrion. In any case it is always 
difficult to decide whether compounds isolatccj from resins really 
represent original constituents or whether the latter have not 
undergone some change during the process of isolation. 

P. Nicolardot and C. Coffignier®’ have described a simple mechani- 
cal device for determining the relative hardness of oil- varnish resins 
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by measuring the diameter of the impression made by a weighted 
steel ball. The! various , resins have been classified according to 
the results obtaicd in ^tjiis way, but in the opinion of the present 
writer the classiiication is not altogether satisfactory. In any case 
it is questionable as to how much value should be placed on the 
grading of oil-varnish resins according to the hardness of the raw 
material. An interesting contribution on the subject of hardened 
rosin and resin esters is made by A. Murray'*® who gives details 
regarding the method of manufacture of these i)roducts. As a 
result of various trials ho concludes that copper acts as a polymer- 
ising catalyst on Congo copal, since only in aluminium vessels was 
he able to i)roducc glycerin esters of low acid value from mixtures 
of Congo copal and rosin, containing large quantities of Congo 
copal. In connexion with the subject of hardened rosin and 
metallic rosinates, mention should be inadfc here of two papers 
issued from the laboratory of H. A. Gardner. In one of these 
entitled “ Lime for the Varnish Industry,”®® suggestions are made 
as to what are the attybutes of a high-grade lime best suited to 
the req ii*ements of the varnish manufacturer. The use of a fully 
hydrated lime of low magnesian content is recommended. In the 
other paper referred to,®® full details are given for the manufacture 
of such metallic rosinates (also of linoleates and tungates) as are 
commonly used in the paint and varnish industry ; their properties 
and uses arc also described. 

Judged by the number of patents granted during the past year 
referring to the manufacture of synthetic resins, interest in this 
subject would appear to be maintained at the same pitch as that 
shown during the last few years. As far as can be judged by the 
patent literature, however, no very striking advance seems to have 
been made, of the patents®^ refer to the phenol-aldehydic 

condensation products, and either introduce a new condensing 
agent or specify some plastic, filler, or other material for the purpose 
of producing a tougher or less brittle product. It is difficult to 
detect any* advantages that might accrue from the working of these 
patents over the older ones, with the exception of such as might 
arise from economic considerations. Very few new patents have 
appeared that deal with resins of the coumarone type, and none 
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contains any outstanding feature. Several' patents occur in which 
condensations are described involving tl;»e use of^ naphthalenes — 
e.g,, the Akt.-Ges. fiir Anilin-Fabr.®» has taken ^^ut four patents 
for the manufacture of varnish-resins from foiinaldehyde and 
either halogenated or hydrogenated naphthalenes. The Bayer 
Co.®^ condenses naphthalene "with dichloroxylene or similar halo- 
genated compound. The Badische Co.*® states that xylol and 
ethylene cliloride can be made to react in the presence of aluminium 
chloride to give a solid resin frec^ from clilorine. The same company 
has been granted two patents*® describing the use of cyclohexanone 
as a resin-producing substance. 

The fact that resinous substances may be produced as a result 
of these various condensations etc. is very interesting, but the 
varnish chemist is inclined to be susjncious of “ synthetic ” sub- 
stances concerning th^ constitution of which little is known. That 
he knows little about the composition of the natural resins is, of 
course, largely compensated for by the accumulated experience pf 
generations of varnish makers. Scientific, investigation as to the 
changes which take place during resinification is badly needed. 
L. H. Baekeland®’ has done much on tliis subject in connexion 
with phenohe condensation products, and a further study on 
phenolic hexamethylenetetrainine compounds by M. Harvey 
and L. H. Baekeland®® has been published during the past year. 
H. Lebach®® pointed out in 1909 that whenever ammonia is used 
in the bakclite reaction, - hexamethylenetetramine-triphenol is 
formed in the first stages of the process, and that under the action 
of heat this product resinifies with the elimination of ammonia. 
By using carefully purified cresols, and l>aying strict attention to 
temperature, Harv(^y and Baekeland®® have succeeded in isolating 
crystalline compounds of hexamethylenetetramine with o-, m-, 
and p-cresol, respectively, contrary to the results of H. Moschatos 
and B. Tollens^®®" who were unable to prepare such products. The 
corresponding compounds of quinol, of rcsorcinor, and of carvacrol, 
have also been isolated. The m-cresol, _p-cresol, and carvacrol 
compounds have no true melting point, but resinify w'hen heated 
at their point of liquefaction. The o-cresol, qi^inol, and resorcinol 
compounds, on the other hand, partly sublime and partly char 
on heating, showing very little signs of melting. These two 
different types of^ change, which occur on heating, seem to be 
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governed by the ratio of the number of molecules of phenol to one 
molecule of hexlmethylenetetramine in the compound, but as to 
what limits thiJ ratio /there is as yet no clue. Incidentally, the 
suggestion is made that the constitution generally accepted for 
hexamethylenetetramine is incorrect. A connexion between 
resinification and chemical constitution is suggested by W. 
Herzog, who states that the grouping — N : C : ^ — is a tyjjical 
resinophorc group, being characteristic of a whole class of sub- 
stances which readily undergo polymerisation to resins. This is 
illustrated by the case of A*ym.-diphcnylthiocarbamide, which, 
when dissolved in aniline and heated at boiling point for forty 
hours, yielded a clear amber-like resin, soluble in benzene, fatty 
oils, and in turpentine. Hydrogen sulphide is first evolved and 
the resulting carbo-di-imide polymerises. The same author describes 
the pr(‘paration of a resin r(‘sembling colo]>luMiy, by heating form- 
aldehyde with benzylaniline, using hydrochloric acid as a catalyst.^"’^ 
European patents for the technical preparation of furfural from 
cellulosic material were* taken out so long ago as 1912 and 1913. 
In 1916 J. Meunier^®^ described the production of synthetic varnish 
resins by the condensation of furfural with various amines or 
ketones, and in 1918 E. Beckmann and E. l)ehte®^ showed that 
hard resins similar to the bakelite products could be obtained by 
the condensation of fuiiural with i>henols. So far very little 
appears to have been heard about these various processes, but 
they now seem to be attracting some attention in America^® ^ 
due, no doubt, to the discovery by K. P. Monroe^®® that corncob 
pentosan affords a source from which furfm’al may be easily and 
cheaply manufactured in large quantities. It will be interesting 
to sec whether this promised source of cheap furfural will affect 
the productioij of synthetic resins, either as regards cost or as 
regards quality. 

The use of varpishes made from the bakehtc type of synthetic 
resin is increasing, chiefly, however, in those cases where high 
electrical or chemical resistance is required. It is unfortunate 
that stoving is necessary in order to obtain the requisite power of 
resistance. With This exception, synthetic resins do not appear 
to be used to any appreciable extent in England for the manu- 
facture of lacquers or varnishes. In the opinion of 'the writer it 
seems rather a pity that so much time and energy are being devoted 
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to the possible production of synthetic resins merely lo replace 
the natural “ gum ” in oil varnishes. A.viuiiish [s need' 1 whi(;h, 
when tpplied and air-dried in the ordinary way, Ivill yit'/ a film 
far moj'e durable and resistant to chemical aial iiKHdianical forces 
than any varnish yet made, or that is Jikedy to be mad(‘, from 
linseed oil, tung oil, etc. 'riie type towards which inx'^est igators 
should strive would seem to be a product ^oiiK'w hat after the Tiatu . 
of Japanese lac ; preferably also a material which could b(' a])plie(l 
in the fluid condition, at ordinary temiK*ratu?’c, without 11 h‘ use tf 
volatile solvent. 




By B. D. Porritt, M.Sc., F.I.C., F.R.S.E, 

Director of Research, Research Association of British Rubber and 
Tyre Manufacturers. 

The period under review has been one of exceptional difficulty in 
practically every industry, and neither the producer nor the manu- 
facturer of rubber has escaped the effects of the prevailing trade 
denression. 

Rubber — one of the few commodities which did not rise m price 
during the war — steadily depreciated in value from February, 1920, 
nr til June, 1921, •wh(‘n smoked plantation sheet could be purchased 
at the unprecedented price of 7d. per lb. As the average cost of 
production is at present in the neighbourhood of 15d. per Ib.^ the 
position of the rubber grow'cr has obviously not been an enviable 
one ; and, so important has the plantation industry become to the 
prosperity of the Empire, that a Government committee has been 
appointed recently to consider its present difficulties.'-* 

In the case of the manufacturer, the low price of raw rubber 
has proved insufficient to compensate for other difficulties with 
which he has had to contend, particularly the remarkable fluctuation 
in the price of cottsj and the prejudicial effect on home and export 
demands resultmg rrorn trade depression, foreign competition, 
and abnormal rates of exchange. , 

Those adverse conditions have rendered it imperative for those 
responsible for the management of both branches of the industry 
to make every effort to reduce costs of production, and to popularise 
and find new uses for rubber. 

In this latter direiTtion the load has been taken by the Rubber 
Growers’ Association, in the institution of a public competition 
for new and extended uses for rubber, and, although this enterprise 
does not appear to have produced the results anticipated® it has 
at least done much to direct popular attention to tlfC many purposes 
for which rubber is suit Able. 

It is evident, moreover, that increasing importance is being 
attached to the value of scientific control and research, in connexion 
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with both the production and the manufacture of rubber. The study 
of the botanical and mycological problems of the Aevea Brasiliensis 
has been undertaken recently by Prof. J. B-. FarrnlV at the Imperial 
(k)lleg(^ of Science, for which purpose generous support has been 
j)rovided by rubber growers,^ whilst the existing arrangements for 
res(^arch on the estates in Ceylon and the Federated Malay States 
are to be reorganised and extended.® At home the Research 
Association established by the trade under the Government scheme 
for the encouragement of technical research is steadily developing 
its work,® and is now engaged in equipping new laboratories, 
adequate for its requirements, at Croydon. In this connexion 
it is interesting to note a recent proposal to establish a similar 
co-oj>erative research laboratory in the United States." 

The importance of technical education, moreover, has not been 
overlooked, and the existing facilities have been extended by the 
introduction of day and evening courses of instruction at the 
Northern Polytechnic, in connexion with which a scheme of post- 
graduate research scholarshij)s has been h stitut(‘d . 

A further stimulus to research work was provided by the scientific 
conference which took place in connexion with the International 
Rubber exhibition held in London during July. This meeting, 
the first since the outbreak of war, was attended by many important 
foreign workers on the problems relating to tlie production and 
manufacture of rubber, and presented a welcome opportunity for 
discussion and the interchange of ideas. 

Although no new discovery of outstanding interest has occurred 
during the year, very matc^rial progress has to be recorded — more 
particularly in connexion with the elucidation of the action of 
vulcanisation accelerators and the effects produced by these and 
other ingredients on the physical properticis of rubber. The 
notable advance made in these directions since 1914 was the out- 
standing impression left on the minds of those attending the Rubber 
Exhibition Conference, and the day seems to be approaching when 
vulcanisation will no longer be a mysterious cliange susceptible 
only to somewhat empirical control. 

Statistics. 

The world-wi(}e commercial depression has naturally resulted 
in a set-back to ,the steady increase in the demand for raw rubber, 
the production of w'hich during the* last ten years has practically 
doubled every four years. 

4 Bull. 1921,3, Hrx 

^ Ibid.. 1921,3, 113. 

* Annual Report of the Department of. Scientific and Industrial Researcht 
192l)-21, 29. 

' India Rubber World, 1921, 66, 31. 
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The fact that, for the time at least, the supply had exceeded the 
demand was realised in 1920 by the majority of British producers, 
and a restriction, techcmd proposed by the Rubber Growers’ Associa- 
tion for a 25% reduction in output was generally adopted by the 
estates. Negotiations with a view *to securing the adoption of 
this proposal by the Dutch rubber planters have proved unsuccess- 
ful,** whilst the Golonial Office declined to introduce legislation 
imposing a 50 % reduction of output in Malaya.® A proposal that 
the members of the Rubber Growers’ Association should continue 
the voluntary 25% reduction scheme for a further period of six 
months faihnl to secure the necessary support,*® and consequently 
the regulation of output during 1922 has been left solely to the 
operation of economic laws. 

This arrangement, assisted by the effects of low prices and 
increased cost of labour, has resulted in a marked reduction in 
the output for 1921, which is e.stimated at 245,000 tons, as compareti 
with 308.000 and 339,(K)0 tons for 1920 and 1919 respectively.** 

The potential output 4)f rubber, however, is already increasing, 
that for 1922 being estimated at 400,000 tons,*- whilst the existing 
}/lantations alone* are deemed capable of yielding at the rate of 
500,000 tons per annum within a comparatively short period. This 
v'ould seem probable from the following statistics.*® 



Area planted 

Area 


1st dan., 1920. 

producirif^ 

j 

Acres. 

Acres. 

Malaya 

1,750,000 

1,250.000 

Coylon 
>S. India 

398,000 

207,000 

65,000 

43,000 

Burma . . • * . . 

Nothorlands’^ Inmi .. 

45,000 

17,500 

885,000 

570,000 

Borneo ajid Sartiwak .. . .j 

50,000 

' 30,000 

Other (Tountrips . . 

„j 

130,000 

• 00,000 

Total . . * . . 

■ 

3,323,000 

2,237,000 


To ensure the future prosperity of the plantation industry, 
therefore, a steady s*nd rapid increase in the world’s consumption 
of raw rubber must follow the return to normal conditions, since 
for the last three years the demand has remained practically station- 
ary at about 300.000 tons per annum, resulting in, the accumulation 
of a surplus stock variously estimated to amount to between 
70,000 and 90,000 at tl^ end of 1920. 

® India Rtibber J., 1921, 62, 458. 

® Bull R.O.A., 1921, 3, 198. 

*» Ibid., 1921, 3, 434, 495. 

** India Rubber J., 1921, 61, ^29. 

** Bull. R.G.A,, 1921, 3 , 267. 

“ Ibid., 1921, 8, 8. 
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The raost likely outlet for an increase in production would appear 
to exist in countries in which the demahd for nljbber goods is at 
present slight, as illustrated by the follo\ting figulss for per capita 
consumption : — United States, 4-15 ; Great Britain, 1*48 ; France, 
1-00 ; Italy, 0*50 ; Japan, 0*35. 

Any marked increase in the consumption of raw rubber would, 
moreover, seem most likely to depend upon the general development 
of motor transport, which has attained remarkable proportions 
in the United States,^'* as may be judged from the fact that the 
number of motor vehicles registered increased from 1,254,971 in 
1913 to 9,211,295 in 1920.^® As the world's total is estimated at 
10,922,278 vehicles, it would appear that the United States’ propor- 
tion amounts to no less than 83%, or, in other words, there are five 
times as many cars in use in that country as in all the rest of the 
world. 

Whilst special circumstances have no doubt contributed to the 
present preponderating position of the United States as a user of 
motor vehicles and tyres, it would appeal^ reasonable to anticipate 
that the gradual dev^elopment of motor transport in other countries 
will in time equalise the present disproportion and provide a market 
for the whole output of the existing plantations. Such development, 
however, must be conditional upon adequate and cheap supplies of 
motor fuel, and the continued prosperity of the plantation industry 
will therefore, to no small degree, depend upon those of petroleum 
and benzene, and upon the measure of success which attends the 
search for petrol substitutes.^® 

Production of Raw Rubber. 

The existing adverse conditions in the rubber market have natur- 
ally accentuated the importance of making every possible reduction 
in the cost of production of plantation rubber, 'and for this reason 
increased attention is being given to the well-being of the tree and 
the factors which govern the yield of latex. It is evident, however, 
that any investigations with the object of jmproving, from the 
point of view of the planter, the yield of rubber or the processes of 
preparation, should also take into account the interests of the ^ 
consumer, and, for this reason, the recent formation of a liaison 
committee between the Rubber Growers’ Association and the 
British Rubber and Tyre Manufacturers’ Research Association, 
and the inclusion of rubber manufacturers 'on the Ceylon Research 

14 India Rubber World, 1921, 64, 728. 

Ibid., 1921, 88, 411. 

Report of the Committee for Scientifie and Indi^trial Research, 1920-21, 
'43. “Power Alcohol, its Production and Utilisation”: G. W. Monier- 
Williams. Hqdder & Stoughton. 
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Advisory Committee^’ ?ire to be welcomed. It is a matter for 
regret that in the past outward appearance has been the factor 
determining thfl markpt* price of plantation rubber, as estate 
managers have concentrated upon turning out a product df good 
appearance, without regard to the more important questions of 
uniformity of vulcanisation and physical properties.'® As a result, 
although plantation rubber now represents 90% of the world’s 
supply, it cannot yet be described as ideal from the standpoint of 
the consumer, who still prefers to use fine hard Para for certain 
special purposes, of which the manufacture of elastic thread may 
be given as an example. One of the reasons for this preference is, 
no doubt, that of uniformity of vulcanising properties, in which 
respect the early supplies of plantation rubber were seriously 
deficient. 

Since 1914 a large amount of work has been carried out in order 
to remove this ground for criticism, and as a result it is now possible, 
by careful attention to the methods of preparation, to produce a 
reasonably uniform product. 

According to de Vries*'® the average variation in the rate of cure 
for smoked sheet from 150 estates in Java is now about 11% ; 
whilst individual plantations, working on standardised methods, 
can reduce this figure to about 2*5%. Those results, however, are 
more probably an indication of the degree of uniformity which is 
possible than an index of the general quality of the plantation 
rubber on the market, since this includes not only the output of 
large, carefully supervised estates, but that of many small ones 
paying little regard to scientific methods.®® 

Until such time, therefore, as uniformity of ‘‘ cure ” is accom- 
panied by an enhanced price, there would seem to be little incentive 
for general impref^raent. Meanwhile, a more extensive adoption 
of identification marks on the sheets of rubber would appear desir- 
able on th*e part of those estates producing a reasonably uniform 
product. • 

Whilst variability in vulcanising properties has been the main 
difficulty experienced by manufacturers in dealing with plantation 
rubber, this has not been the only ground for criticism. 

The existence of variations in the amount of mastication neces- 
sary to secure the degree of plasticity required for various factory 
processes has been suspected for some time, and recently some 
preliminary investigations into the problem haVe been published 
by H. P. Stevens.®^ 

Bull R.O.A., 1921, *3, 114. 

0. de Vries, Rubber Age, 1921, 2» 106. 

“ Ibid., 1921, 2, 360. 

In the Federated Malay States 409,026 acres are represented by 
holdings of less than 100 acres elwh {India Rubber J,, 1921, 62» 30). 

» BuU. R.G.A.. 1921. S. 340. 
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14 India Rubber World, 1921, 64, 728. 

Ibid., 1921, 88, 411. 

Report of the Committee for Scientifie and Indi^trial Research, 1920-21, 
'43. “Power Alcohol, its Production and Utilisation”: G. W. Monier- 
Williams. Hqdder & Stoughton. 
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It is unfortunate thaf the great variation in the latex-yielding 
characteristics of iindividual trees was not recognised at an earlier 
date,“® since, owi,lg to tjie comparatively slow development of the 
trees, a considerable period must elapse before any dc^finite infor- 
mation can result from exj)eriments on selective propagation, which 
have produced such satisfactory results in the case of the cinchona 
and indigo industries. Meanwhile, any improvement on the estates 
must be mainly confined to the selection of poor trees for removal 
when thinning-out is necessary.’’ 

A number of papers have appeared during the year, dealing 
with various as^^ects of the coagulation of latc^x, including one by 
G. Vernet,““ reviewing the general theory of the process. The 
effect of substituting serum for water to dilute? the lat(‘X has been 
studied by 0. de Vries,*^^ and it has been shown that this practice 
may t(‘nd to produce a non-uniform producjt, on account of the 
gradual incr(?asc in the amount of the nitrogenous constituents, 
the decomi^osition ])roducts of which constitute the natural vulcanis- 
ation accek?i‘at()rs j)resent in raw rubber. W. 8poon has am])lified 
the earlier observation of lilaton, that the use of brackish tidal I’iver 
water for latex dilution affects the quality of the rubber. It is 
found that the presence? of as little as 12% of sea water is sufficient 
to produce an aiipreciable change in both the strength and the 
rate of (jure of smoked sheet, although in the case of crepe the 
proportion may be increased to 28% before any detrimental effect 
becomes apparent. De Vries and Spoon have, in conjunction, 
published tht? results of an investigation into the Ilcken-Down 
process for tlie prej)aration of rubber, which is based on the 
spontaneous coagulation of the latex in the presence of a mixture 
of alcohol and fusel oil/'- and is claimed to give a yield of 5% to 15% 
in excess of thaVehtained by the usual process. The results, 
however, do rft)t pojiit to any material difference in the yield, 
whilst the*product w^as found to possess the normal properties of a 
slow-vulcanising rubber. 

The investigations into the effects produced by variations in the 
method of preparation on the ageing qualities of the rubber have 
been continued byjD. de Vries and H. J. Hellendoorn,^^ and their 
results indicate that reasonable variations in the method of 
coagulation and the treatment of the coagulum do not appreciably 

28 See Ann. Hepis., 1920, 5, 334. . 

2’ R. M. Richards, Rubber Age, 1921, 2, 77. C.«A. Clehlsen, Archief, 

1921,5,453. , 

28 Bull. Caoutchouc- Inst. Colon, de, Marseille, 1919, 107 ; J., 1921, 188a. 

28 Comm. Ccfitral Rubber Siat. Buiienzorg, 1921, No. 27 ; J., 1921, 631a, 
Ibid., 1921, No. 25 ; J., 1921, 399a. 

« Ibid., 1921, No. 27 ; J., 1921, 631a. 

82 E.P. 8487 of 191^ ; J., WIG, 854. 

88 Comm. Central Rubber Stai. Buiienzorg, 1920, 4 , No. 24 ; ,7., 1921, 123 a. 
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affect the keeping properties of the rubber. It would appear that 
fast-curing rubbers tend to show a decrease in th(l rate of vulcanisa- 
tion on keeping, whilst with slow-vulcaniijsing s^ples the change 
is in the opposite direction. The general effect of ageing therefore 
would seem to be in the direction of producing a greater degree of 
uniformity.^* In a recent paper G. Bruni and C. Pelizzola drew 
attention to the presence of manganese in samples of rubber which 
developed tackiness on keeping, and put forward the suggestion 
that colloidal manganese oxide, acting as an oxidation catalyst, 
may be the causative agent in certain cases in which deterioration 
takes place on keeping. It was found, however, that samples of 
African rubbers, which are notoriously prone to develop tackiness, 
were free from manganese, and, according to A. Dubose,®® with 
this class of rubber the effect is to be attributed to the presence of 
sodium chloride. * 

During recent years the drying of rubber has received considerable 
attention, more particularly from the point of view of the manufac- 
turer ; the underlying principle of the v^ious new systems advo- 
cated appears to consist in reducing or eliminating the oxygen 
normally present in the process. In the first,®’ the air present in 
the drying chamber is first displaced with steam, and the removal 
of moisture is subsequently 'completed in mcuo ; whilst in the 
second®® an indifferent atmosphere is obtained by the use of purified 
flue gases. 

The remaining method, known as the “ Hunter- dry kiln process,” 
has recently attracted considerable attention as the result of an 
experimental plant shown in operation at the Rubber Exhibition, 
and is claimed to have been largely adopted by manufacturers in 
the United States. By this process the drying is carried out in a 
heated chamber through which a current of air containing a high 
percentage of water vapour is circulated. , 

It is, however, too early to form any conclusion as to whether 
these processes offer any advantages over the ’haethods of drying 
at present in use, and the same applies to a proposal to carry out 
the milling of rubber in the absence of oxygen.*® 

It is interesting to notice in conclusion a repent suggestion that 
direct use should be made of latex for the purpose of introducing a 
proportion of rubber into paper as a binding agent. *^ This proposal 

®* H. P. Stevens, BuU. R.O.A., 1921, 3, 291 ; 0. de Vries, Comm. Central 
Richer Stal.^ Buitensf^rg, 1921, No. 26 ; •/., 1921, 400a. 

»» Indm Rubber J ., 1921, 62, 101 ; J.,*1921, 6F3a. 

»• India Rubber World, 1921, 64, 897. 

J. V. Worthington and A. W. T. Hyde, E.P. 160,043 ; J., 1920, 098a. 

»® A. G. Metzler und Co., G.P. 332,974 ; J., 1921, 440a. 

. «» E,P. 138,916 ; J., 1921, 92a. 

‘ *® J. Porzel, E.P. 124,887 ; J., 1921, 40^)a. 

** F. Kaye. E.P. 167,936 ; J., 1921, 690a. 
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recalls some qf the early experiments of Goodyear and Hancock, 
and would seem# to hold^out most prospect of success in tropical 
countries, in whj^h abiyidant supplies of suitable fibres and latex 
are to be found side by side. 

Vulcanisation. 

The last two annual reports have indicated clearly that this 
important subject has of late been receiving marked attention 
from scientific workers, and during 1921 numerous papers dealing 
with various aspects of vulcanisation have appeared, of which 
some of the most important will be discussed later under the heading 
of accelerators. 

The investigation of the remarkable reaction discovered by S. J. 
Peachey,*^ by which vulcanisation is effecte<i in the cold by the 
nascent sulphur formed as a result of the interaction of hydrogen 
sulphide and sulphur dioxide, has been continued, and patents 
have been taken out clijiming the use of the reactive gases under 
pressure, and the application of the process to compounding 
ingredients liable to be adversely affected by heating. 

The priority of Peachey's claim has been questioned by A. 
Dubose, who has drawn attention to the fact that some time pre- 
viously he put forw'ard the theory that the reaction taking place 
during vulcanisation in the presence of accelerators is due to inter- 
action between the sulphur, resins, and bases yielding colloidal 
sulphur as a result of the formation and interaction of hydrogen 
sulphide and sulphur dioxide.*® However, it does not seem to have 
occurred to Dubose to subject this theory to experimental proof 
by introducing the gases from an outside source, and consequently 
his paper can scaj^cely be held to anticipate the discovery that, 
not only does ’Vulcanisation result under these conditions, but that 
the change* takes place at ordinary temperature.*’ 

Arising from the study of accelerators, another process has been 
suggested recently by G. Bruni,*® for effecting vulcanisation by 
means of sulphur without the application of heat. This method 
depends on the formj^tion in situ of thiocarbanilide or other disubsti- 
tuted aromatic thiourea by the action of carbon bisulphide on an 
aromatic amine incorporated in the rubber with a proportion of 
siino or other metallic oxide. An example is quoted in which a 
'mixing containing 100 parts of rubber, 8 of sulphur, 20 of zinc 

« Ann. Repts., 1919, i, 328 ; ‘ 1920, 5, 332. 

*® S. J. Peachey, E.P. 162,429 ; J., 1921, 439a. 

** S. J. Peachey and A. Skipsey, E.P. 160,499 ; J., 1921, 368a. 

*® India Rubber J., 1921, 61 , 177 ; J., 1921, 68t. 

*® Ann. Repts.f 1919, 4 , 329. 

*’ S. J. Peaehey, India Rubber J., 1921, 61 , 163 ; 

*• Oiom. Chim. Ind. Appl, 1921, 8, 196 ; J., 1921, 620 a. 
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oxide, and 0 of aniline is vulcanised at ordinary temperatures by 
exposure to the vapour of carbon bisulphide. | 

In this connexion attention may be drawn Vo the discovery, 
dealt with later, that certain organic disulphides are capable of 
effecting vulcanisation rapidly without the presence of extraneous 
sulphur. 

The experiments on the relative activity of various allotropic 
forms of sulj)hur as vulcanising agents have been c;ontinued by 
1). F. Twins, and in conjunction with F. Thomas some further 
results have been published.^® By the use of an accelerator it was 
found possible to compare the efficiency of insoluble (S/^) and soluble 
sulphur (8X) at temperatures between 98"^ and 118“ C., and, by the 
substitution of a synthetic dimethyl butadiene ru}>berfor the natural 
product, to obtain a further series of results between 168“ and 
188“ C^., the degree bf vulcanisation in the latter case being based 
on determinations of combined sulphur, and not on physical pro})er- 
ties. Although the results obtained indicate that insolubk' sulphur 
is somewhat less active than the othe* form, the outstanding 
conclusion is not so much the existence of this difference as the 
relativ^ely equal efficiency of the several allotropic forms of sulphur 
as vulcanising agents. 

Probably as a result of the convenient method disc^overed by 
Peaeffiey, attention has been re-directed to the vulcanisation of 
rubber in solution, which had betm effected by sev’eral earlier 
investigators. 

It has been found by H . P. Stevens that if raw rubber containing 
\ 0 % of sulphur be dissolved in benzene and the solution heated 
in a closed vessel under pressure, there results, according to the 
degree and duration of the heating and the concentration of the 
solution, either a viscous liquid or a homogeneous gel of vulcanised 
rubber, either of which, on the evaporation of the solvent, yields a 
film of vulcanised rubber which cannot be^ re-dissolved. The 
rate of vulcanisation was found to depend upon thi^ nature of the 
solvent and the proportion of rubber present in the solution ; for 
example, 10 grams of rubber in 100 c.c. of benzene was found to 
require twice the time necessary for the vulcaftisation of the corres- 
ponding dry mixing at the same temperature. The solutions of 
vulcanised j’ubbcr obtained in this way appear to be very suscep- 
tible to the influence of light, which tends to convert them into gels, 
these, on storage^in the dark, again reverting to the sol form. 

Ann. Repts., 1919, 4, 327. 

J., 1921, 48t. 

E. Stem, 1909, 1050. P. W.* Hinrichsen and F. Kindscher, J., 
1910, 891 ; G. feemstein, J., 1912, 1087. A. Helbronner and G. Bernstein 
J., lflLl4, 653. B. D. Porritt, Rubber Indtatry, 1914, 168. 

“V., 1921, 186t. 
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The success of the suggested technical application of these obser- 
vations must ’largely dejpend upon the possibility of preparing 
reasonably conceritrated ^solutions of vulcanised rubber, which do 
not change rapidly during use into intractable gels. 

The properties of solutions vulcanised with sulphur monochloride, 
hydrogen persulphide, and trinitrobenzene have also been examined 
by Stevens, whilst independently the same field has been explored 
by M. Lo Blanc and M. Kroger, who have studied, in addition to 
the ordinary hot and cold methods, the Peachey 23rocess and the 
effects introduced by the presence of accelerators. 

The results obtained by the various workers aj)jKiai‘ to be in 
general agreement, it being found that the solutions ])re])ared by 
heating with sulphur show h^ss tendc'ney to gel formation if the 
rubber has ijreviously been well masticated or heated, being in 
this respecjt superior to those vulcanised wifh sulphur chloride, 
which, judged by the writer’s experience, are too unstable to be of 
any technical intercNst. In the (uise of gels pre^pared by tlu^ latter 
method, two types of the syneresis phenomenon are exhibited. 
When a high proi)orti()n of sulphur chloride has been used a gradual 
shrinkage takes plac(‘, the liquor expelled containing little or no 
rubb(‘.r ; whilst with smaller j)roj)ortions of the vulcanising agent 
complete or jiartial transformation into the sol form o(;curs, with 
the separation of a solid dej)osit containing a high i)roportion of 
sulphur. In the case of the gels prejmred by the action of sulphui’ 
and heat, syneresis of the first tyj)c only has been observed, and 
that only as a result of exposure to light. 

It is not(^worthy that all those who have recently inv(vstigatod 
the formation of vulcanised rubber solutions have found that, 
contrary to what .might be expected, the viscosity of the solution 
d('Creases as a rysut^ the treatment, and an analogous change in 
viscosity ij4 suspected to occur during the jjre2)aration of rubber 
gels by the action of light on solutions in the absence of oxygen. 

Tlui suggestion of Le Blanc and Kroger that vulcanisation in 
solution may pT'ovidc a simple and convenient method for the 
examination of accclcraters is of considerable interest, it being 
stated that the effect of accelerators generally is to lower the 
viscosity of the rubber solution, and that, by a study of the syneresis 
and gel formation phenomena, it is possible to make quantitative 
comparisons of the influence of various accelerators. 

Prom some work carried out by the writer, it would seem that 
both nitrosodimethylaniline ui^d thiocarbanilide certainly reduce 
the v iscosity markedly on heating for a few hours at 95° C., but 
the experiments showed that the presence or absence of sulphur 

H. P. Stevens, E.P. 164,770 ; J., 1921, 563a. 

“ Z. Elektrochern., 1921, 27, "335 ; J., 1921, 667a. 

B. D. Porritt, Rubber Age, 1921, 1, 447. 
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in the rubber solution made little difference in the ejffects 
produced. 

The results of further work on this gubject^ will therefore be 
awaited with considerable interest. The development in our 
knowledge of the vulcanisation process which has taken place in 
recent years has re-directed attention to the pioneer work of 
Goodyear and Hancock, whose independent discoveries have for 
some eighty years formed the basis of the technique of the rubber 
industry. The long correspondence which has appeared in the 
technical press regarding the relative merits of the discoveries of 
these remarkable men does not, however, appear to disclose any 
new facts or warrant any modification in the view that Goodyear 
was the first to prepare specimens of vulcanised rubber by the 
use of sulphur in conjunction with white lead, and that Hancock 
subsequently discovered that heating with sulphur alone would 
effect the change if air were excluded during the treatment.®’ 

Accelerators. 

The importance of accelerators of vulcanisation has been recog- 
nised from the early days of the industry, and it is to the accidental 
use by Goodyear of white lead in conjunction with sulphur that the 
discovery of vulcanisation has to be attributed. As the last few 
years have seen the introduction of many new and powerful com- 
pounds, compared with the simple inorganic bases formerly 
employed, it may be well to point out that thh importance of such 
substances to the technologist depends, not so much on the actual 
saving of time which may be secured by their use, as on the pro- 
vision of a convenient means by which rubber mixings may be 
modified to meet special conditions of manufacture and usage. 
It has to be remembered also that many rubber articles, such, for 
example, as buffers and solid tyres, owing to their size and thickness, 
must be heated up slowly to ensure uniform vulcanisation, whilst a 
considerable amount of heating takes place in certain processes of 
manufacture, during which premature vulcanisation would be fatal. 
Consequently the use of powerful accelerators calls for considerable 
caution, and renders indispensable special ^precautions for the 
accurate control of vulcanisation. 

The development of the organic accelerator may be said to date 
from the time when the synthesis of rubber and the variation of the 
natural product began to attract the attention of scientific workers. 

A large number of substances are now known to act as accelerators 
of vulcanisation, and these may be divided into the 'following 
three classes : (a) Organic and inorganic bases ; (h) Aromatic 

India Rvhher J., 1921, 61, 72, 181, 710, 742a, 782, 886, 1226 ; 6g, 
27, 128. 

” B. D. Porritt, J. Roy. Soc. Arts, 1919, 67, 262. 
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nitroso compounds ; (c) Sulphur compounds containing the groups 
S : C*S- or .S-C-S'f 

It was early recognis(vd, that other agencies were operative in 
vulcanisation besides sulphur and the accelerator, it having been 
noticed by L. E. Weber and H. P. Stevens that the removal 
of the natural resins was prejudicial to the action of litharge. 
Moreover, technical use soon showed that many of the organic 
accelerators required the presence of a small proportion of zinc 
oxide in the mixing before they could exert their full effect. 

Until recently no adequate explanation had been put forward 
for these facts, although it has been suspected for some time that 
the active substance was not the a(‘celerator, but some compound 
formed as a result of its interaction with the sulphur. 

This suggestion has been put forward in various forms by Dubose, 
Ostromyslcnski, Kratz, Flower, and Coolidge; and by Scott and 
Bedford, besides being, the basis of two x>atents.«“ 

A. Dubose*^ assumes that the chief agent in promoting vulcanisa- 
tion is thiocyanic acid. .There is, however, no evidence in support 
of this theory beyond the observation of B. D. W. Luff that this 
compound can bo detected in pure mixings in which hexamethylene- 
tetramine has been used, and it fails, moreover, to explain the 
action of accelerators which contain ho nitrogen. 

The more generally accepted view is that the reaction between 
accelerators and sulphur consists in the formation of unstable 
polysulphides which function as sulphur carriers. 

I. Ostromyslcnski®^ suggests that amines react with sulphur to 
form compounds of the thiozonide type, R-NH'S-S*S*NHR, by 
the loss of HgS ; whilst Kratz, Flower, and Coolidge®^ assume the 
transient formatiqn of an unstable pentavalent nitrogen addition 
compound R-Nflo:!?. 

According to W, iScott and C. W. Bedford,®® however, formation 
of polysulphides of the type RNH g.SH : S takes* place ; in the 
case of an amine, a hydrosulphide is first formed by the addition 
of hydrogen sulphide resulting from the interaction of resins, 
protein, or the amine itself, and sulj)hur. On this assumption they 
classify accelerators^*— excluding those of the nitroso type — into 
two groups : (a) Hydrogen sulphide-polysulphide compounds ; 

(h) Carbo-sulphydryl polysulphide compounds. The first class 

®8 J., 1912, 888. 

J., 1912, 1099. 

S. J. Poachey, E.P. 113,t>';0; J., 1918, 21Ga. Goodyear Tire and 
Rubber Co., E.P. 130,857 ; J., 1919, 731a. 

India Rubber World, 1919, 59 , 248. 

“ Rubber Age, 1921,2,410. * 

J., 1910, 370. 

J., 1920, 378a. 

«® J. Ind. Eng. C/iem., 1921, 18 , 125 ; J., 1921, 228a. 
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comprises those inorganic and organic bases which are believed to 
require the addition of hydrogen sulphide befdjre they can form 
polysulphides ; whilst the second includes^ thioureas, dithiocarbam- 
ates, thiourams, marcaptans, and disulphides, which either form 
polysulphides directly or break down into compounds capable of so 
doing. As examples of the first class, aldehyde-ammonia and 
p-ph(‘nylenediamine arc cited, and as both of these substances 
evolve hydrogen sulphide when heated with sulphur at vulcanising 
temperature, their efficiency as accelerators should not be dependent 
uj)on the presence of cither pfoteins or resins in the rubber. Hexa- 
methylenek'tramine is especially interesting as a compound belong- 
ing to both classes. During vulcanisation there are produced, 
amongst other products, both ammonia and carbon bisulphide, 
which alone or with basic products present in the rubber will form 
dithiocarbamates. Simultaneously with these, hydrogen sulphide 
is liberated, which, with the ammonia and sulphur, will jn-oduce 
polysulphides. In dealing with the inorganic ac(;elerators, Scott 
and Bedford distinguish three types. Whilst the sulphides and 
hydrosulphides of the alkali metals are considertHl to belong to the 
first class, and accordingly are described as ‘‘ primary accelerators,” 
the action of litharge and zinc oxide is attributed merely to decom- 
position of the polysulphides by the removal of hydrogen sulphide, 
facilitating the removal of the sulphur ; these com]H)unds thciefore 
being termed “ secondary accelerators.” The hydroxide^s and 
oxides of the alkali and alkaline-earth metals form an intermediate 
class, functioning initially as secondary accelerators during their 
conversion into the corresponding sulphides, which then take up 
sulphur and act as primary accelerators. 

ISome evidence in support of the correctness of these vi(‘-W's 
regarding the behaviour of inorganic accelerators has been supplied 
by D. F. Twdss,*® who has shown that the conversion of potassium 
hydroxide into the hydrosulphide does not affect its activity as an 
accelerator ; they would be still further strengthened if lead sulphide 
were proved to be inactive. 

The explanation of the action of the second class of accelerators 
is not, however, so straightforward. <.• 

The use of the thiourea and dithiocarbamate derivatives of 
organic bases, such as dimethylamine and piperidine, w^as suggested 
first by the Baye^ Company in 1913,®^ the object being to provide 
a convenient me^ns of introducing liquid or volatile bases into 
mixings in a solid, non-volatile form, which subsequently was 
assumed to decompose during vulcanisation with the liberation of 
the base. At this date, the action of accelerators was supposed to 
depend upon basicity alone, as is shown by the Bayer general 

«« J., 1921, 247t. 

. E.P. 11,615 and 12,777. 
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patent taken out in 191 protecting the use of all bases having a 
dissociation constant higher than 1 X 10“"^. 

Technical use soon brought to light the fact that the activity of 
the dithiocarbamate class of accelerator was greatly increased by 
the presence of a small proportion of zinc oxide in the mixing, 
the action of which had to be explained. Recently, (J. D. Kratz, 
A. H. Flower, and B. J. Shapiro have suggested that in the case 
of diplienylthiourea, an acid substance, probably a thiocarbarnu; 
acid capable of reaciting with zinc oxide, is formed as one of the 
decomposition products, and that this zinc salt is the accelerator. 
Scott and Bedford, who appear initially to have considered that the 
activity of this class of accelerators depcnd(ui on the j)resonce or 
formation of the carbosulphydryl gr(»iip, : C/.SH, and that this, by 
the addition of sulphur functioned as a polysul])hide, were subse- 
quently led to modify their views, and in a papier by the latter and 
h. B. Scbrell,’® it is suggested that the mechanism of the action of 
these accelerators can be explained by the formation of very active 
zinc salts. ^ 

The same conclusion has been reached independently by G. Bruni 
and F. Romani,’^ whose investigations appear to have been based 
on an observation made in 1917 by Ostromyslenski that zinc 
othylxanthate is a very active accelerator. i>om the analogy 
between the xanthates and the dithiocarbamates, R0.0S.8M, 
R 2 N.OS.SM, it seemed probable that the metallic derivatives of the 
latter would possess similar properties, and such indeed was found 
to be the case. These compounds, however, are not considered 
by Bruni to be the actual catalysts. 

It has been shown by E. Romani’^ and by Scott and Bedford 
that the thiouram disulphides are very powerful accelerators, and, 
according to the fo/n'cr worker, are themselves capable of ciTecting 
vulcanisatmn without the presence of additional sul])hur. 

The activity of the zinc alkyl dithiocarbamates and the correspon- 
ding xanthates haf? therefore been attributed by Bruni and Romani, 
and, indeptmdcntly, by A. Maximoff,^^ to a reaction taking place 
with the sulphur, resulting in the formation*of zinc sulphide and a 
disulphide : — , 

(R 2 N.CS.«) 2 Zn+S ZnS+RgN.Cg.S.S.CS.NKa. 

In the case of the thiourea compounds, the formationW a mustard 
oil is assumed to take place first, monophenylthiourea giving 

*8 E.P. 12,661. , 

J. Ind. Eng. Chsm., 1921, 13, 128 ; J., 1921, 229a. 

Chem. and Met. Eng., 1921, 24, 835. 

” India Rubber J., 1921, 62, e« ; «/., 1921, 553 a. 

” Oiom. Chim. Ind.J.ppl., 1921, 3, 197 ; J., 1921, S^Oa. 

« J. Ind. Eng. Chem., 1921,13, 125; J., 1921, 228a. 

’* Caoutchouc et QuMapercha, 1921, 18 , 10,944, 10,986 ; J., 1921, 668a. 
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phenyl isothiocyanate. This, then reacts with sulphur, forming 
mercaptobenzothiazole, the zinc salt of the latter yielding a 
disulphide : — ^ . 

CeH 5 .NH.CS.NH 2 S : C:N.G,H 6 +NHa 

S : C : N.CjHj+S - C,H,<^ _ ^.SH 

^C,H 4 <^^^CS^,Zn+S ZnS+C.H./^^C.S.S.C^^^C,H.. 

In support of this theory, Bruni and Romani have prepared a 
series of mcrcaptothiazoles. These compounds were found to be 
inactive, but they become accelerators when converted into their 
zinc, lead, or mercury salts. The intermediate formation of a 
mustard oil during vulcanisation seems to })e supported by the 
observation that, whilst tri-substituted thioureas act as accelerators, 
the tetra-substituted compounds which an^ not capable of this 
reaction are found to be inactive. I). F. Twiss, moreover,’® has 
shown that phenyl isothiocyanate, in the presence of zinc oxide, is 
an accelerator, although not to the degree which might be expected. 

According to Bruni, therefore, the activity of the carbo-sulphuryl 
group of accelerators is due to the formation of disulphide compounds 
— termed by him ultra-accelerators — which, by conv'crsion into 
monosulphides, supply the sulphur in an active form for 
vulcanisation : — 

: C.S.S.C : : C.S.C : + 8 

Bedford and Scbrell, however, as a result of a study of the action 
of this class of compounds on the gel formation of rubber solutions 
in the cold, maintain the view that the effects aio to be attributed 
to the formation of polysulphide derivatives of the metallic salts 
of the mercaptans, xanthates, etc., and not to the decv)mposition 
of these salts into the disulphides.” Whilst both these theories 
explain the need for the use of zinc oxide in conjunction with many 
accelerators, the results of further investigations must be awaited 
before the nature of the catalyst proper can be decided. 

It should bo noted also that, so far, no serious attempt has 
been made to explain the accelerative action of the nitroso com- 
pounds, although suggestions have appeared attributing this 
effect to the liberation of both hydrogen sulphide and sulphur 
dioxide during vulcanisation,’® or to some action of the NO group 
on the double bonds of the rubber hydrocarbon.’® 

’6 J., 1921, 247t. 

'I* Qiom. Chim, Ind.. Appl., 1921, 3, 196. 

” J. Jnd. Eng. Chem., 1921, 13, 1034 ; J., 1922, 110a. 

" Scott and Bedford, J. Ind. Eng. Chem.y 1921, 13, 126. 

• A. Angeli, India Rubber J.f 1921, 62, 63. 
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Reference may now b6 made to the well-known fact that when 
organic accelerators are employed the extent to which combination 
has taken place betwoeij sulphur and rubber is no longer an index 
to the degree of vulcanisation as judged by physical and ageing 
tests.®® 

Some further investigations on this* subject have been published 
by C. D. Kratz, A. H. Flower, and B. J. Shapiro,®^ which illustrate 
the remarkable devtdopmtmt in th(^ tensih^ strc'ngth of mixings 
containing zinc; oxide and thiocarbariilide during the early stages of 
vulcanisaticm when tlie sulphur coefficient is still low. T). F. Twiss ®^ 
incidentally brings out the same fact in a paper giving the nvsults 
of furth(;r work on (;ertain abnormalities shown in the stress-strain 
characteristics w hen hexam(;thylen(;t(‘tranune is used as accelerator. 
It is proved that the t(;ni})orary reversal of vulcanisation shown by 
this accelerator in the ])resence of zinc oxide disa])pears if the 
amount of the latter is increased over 2%, whilst it l>e(;omes more 
marked with reduced pro])orti()ns of sulphur. This cfTe(;t, which 
appears to be; a special^ characteristic of hexarainc', r(;fpnrcs the 
presence of some finely-divided filler, such as carbon- black or zinc 
oxide, to develo]), and is attributed to the formation during vul- 
canisation of some acndic decomposition jiroduct, which beciomes 
masked by the presence of larger quantities of zinc oxide. 

The mixings generally emiiloyi'd for (‘Xperimental work are 
usually of the type : rubber 90, sulphur 10 ; which, although 
satisfactory for the j)urpose, arc open to the objection tiiat the 
proportion of sulphur is considerably higher than that normally 
employed in works j)ractice, particularly in mixings in which 
accelerators are included. 

For this reason, P. Schidrowitz and J. R. Burnand have 
examined the ^beluiviour of mixings containing ap})roximately 
4% and 2% of sulpiiur in the presence of piperidine piperidy-ldi- 
thiocarbarnate and zinc oxide, and have studied the effect of the 
accelerator on the physical properties. Their results indicate 
that the addition affects the type or slope to a marked degree, and 
have led the authors to modify somewhat their view^s regarding the 
constancy of this clmractcristic.®^ It was found that the “ tough- 
ness ” is considerably increased, since at “ technically correct ” 
cures the stress at breaking point is increased by about 60% com- 
pared with the unaccelerated mixing, wffiilst the strain remains 
comparatively unaffected. It was, moreover, irjiown as a result 
of the examination of a series of mixings containing 2% of sulphur 

®'* Ann. Repi,^., 1920, 5, 340. 

J. Ind. Eng. Chem., 1921, 13, 128 ; J., 1921. 229a. 

®2 1921, 242t. 

J., 1921, 268t. 

Ann. Eepts., 1919, 4, 334 ; 1920, 6, 346. 
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and 2J% of zinc oxide, that for satisfactot-y results the proportion 
of the accelerator should not fall below a critical vfrluo lying between 
0-25% and 0*50%. 

An examination of the efficiency of various organic and inorganic 
accelerators in a zinc oxide mixing has been made by H. A. Endres, 
whilst the results of experiments on similar lines with a series of 
lead eompounds have been published by J. M. Grove.®* 

In conclusion, attention might be drawn to the suggestion put 
forward by J. B. Tuttle,®’ that the variability of plantation rubber 
should be tested in a mixing containing a small proportion of zinc 
oxide, on the ground that a better indication of the behaviour of 
the material under technical conditions should be obtained as a 
result of the removal of any acidic substances giving full scope 
to the natural accelerators present. The adoption of this proposal, 
however, would probably tend to reduce rather than accentuate 
the variability shown by tests in simple rubber-sulphur mixings, 
and thereby diminish the incentive for the production of a uniform 
product suitable for all classes of rubber monufacture. 

COMPOXTNDINO InGBEDIENTS. 

There is comparatively little to record in connexion with com- 
pounding ingredients, the importance of fineness of division, 
referred to in previous reports, being now fully appreciated. For 
this reason the properties of clays, either natural such as “ Benton- 
ite,” or specially prepared in a fine state of division,** are receiving 
considerable attention, and these have been suggested*® as a suit- 
able medium for the introduction into mixings of the more active 
accelerators. In connexion with the difficulties incidental to the 
introduction of carbon-black into mixings, it has been suggested 
that the evolution of dust could be avoided, and more uniform 
mixing secured, by first incorporating the pigipent in a solution 
of glue,®® a material which, incidentally, appears to have enjoyed 
considerable popularity with American manufacturers as a com- 
pounding ingredient. 

Passing reference might be made, in connexion with the com- 
pounding of rubber, to the recent development of various types 
of automatic mixers, in which the operation is carried out in an 
enclosed chamber.. 

Caoutchouc et Guttapercha, 1921, 18, HjOSQ ; j/., 1921, 858 a. 

•• India Rubber World, 1921,64, 663; J., 1921, ’668a 

« J Ind. Eng. Chem., 1921, 13, 519 ; J., 1921, 709a. 

** Schidrowitz, W. Feldenheimer, and.,W. W. Plowman ; E.P. 153,343 ; 
J., 1921, 19a. 

,*® P, Schidrowitz, and Catalpo, Ltd., E.P. 170,682 ; J., 1921, 898a. 

®® Goodyear Tire and Rubber Co., E.P. 146,993 and 161,483: 1921,400a. 
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The Stress-Strain Curve. 

The subject of t-he inteupretation of the results of the stress- 
strain curve has been deajt.with in considerable detail in preceding 
reports,®' particularly in respect to the theory of Schidrowitz and 
Goldsbrough, that the “ type ” or plope ” represented by the 
inclination of the latter part of the curve to the stress axis is for any 
one mixing independent of the degree of vulcanisation. This 
conclusion has been contested by various workers, including 0. de 
Vries and, more recently, H. P. Stevens.*® The former has stated 
that the inclination increases with progressive vulcanisation,** 
whilst the latter observer finds the reverse effect to obtain. 

In discussing these discrepancies, P. Schidrowitz*^ puts forward 
the suggestion that thermal effects may have some influence on 
the results, since the rates of loading employed by de Vries and 
Stevens were much higher than those used in liis original investi- 
gation. 

Reference has already been made to the effect j^roduced on the 
slope of the stress-strain* curves by the addition of accelerators 
to mixings ; it bc^ing shown by Schidrowitz and Burnand ** that 
in such cases, not only is the slope variable, but in place of the 
average figure of 35 units for a standard rubber-sulphur mixing, 
results of 28 and 29 are frequently obtfiined, illustrating the fact 
that by the use of appropriate accelerators special physical properties 
may be imparted to the rubber. 

In a recent paper, E. Hatschek ** suggests that, in place of the 
customary representation of “ elongation ” against the load, 
calculated on the original cross-sectional area, which takes no 
account of the changes resulting from stretching, a more rational 
and simple method 'jf^ould be to plot the strain against the stress 
calculated on thv. cruresponding cross-sectional area. The same 
proposal has* been put forward by J. W. Shields.*^ -This modifica- 
tion is rendered possible by the fact that the volume of rubber in a 
pure mixing piay be taken to remain constant within wide limits 
during deformation. If, however, fillers are introduced, it has 
been shown by H. F. Schippel®* that this assumption is no longer 
justifiable. * 

When the results are plotted in this way, the inflexion which is 

normally shown at an elongation of 100% disappear^, and the 

• 

»' See Ann. Repts., 1919, 4, 334 ; 1920, 5, 346. 

Bull. R.Q.A., 1921, i 246; 5? , 1922, 67 a. 

J., 1920, 308t. 

India Rubber J., 1921, 62, 481. 

** J., 1921, 268t. 

*« 7., 1921,251t. 

India Rubber J., 1921, 62, 

** J. Ind. Eng. Chem., 1920, 12, 33. 
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change in curvature and slope becomes quiloe gradual.*®* The nature 
of the curves thus obtained has been examinedu and found to be 
representable by the equation for a rectapgular hyperbola. Such 
being the case, if a be the distance of the asymptote from the axis 
of the curve, and b the intercept cut off on the asymptote by the 
tangent to the curve at thb axis, it follows that the ])roduct ab 
will determine the size or scale of the hy])erbola, whilst the relative 
values of a and b will determine the proj^ortion of the curve lying 
above the stress axis. It is suggested by Hatschek that further 
investigation may show the ])roduct ab to be a characteristic of the 
rubber, and the corresponding ratio to depend on the degree of 
vulcanisation. 

Whilst this method of rejircsentation is very interesting for tht^ 
purpose of comparing the properties of rubber with those of other 
more rigid materials*' which follow Hooke’s law, tlu're is much to be 
said for the view ex^ircssed by P. Schidrowitz ^®® that, by so doing, 
one of the inqiortant characteristics of the mat(*rial is masked, and 
that, by eliminating the sharp inflt^ction }^)oint shown by the (;urve 
as normally plotted, a property of technical importance IxHXimes 
obscured. 

A further jioint of some interest is evident when ('xamining the 
curves obtained with the Schopper ring-testing maehine—namely, 
the (^xist(‘nce of a brief jieriod m^ar tlu' origin during which, contrary 
to what might be expc^cted, the ajiplication of stress })roduces ^ 
comparatively little change in the strain. .This may b(^ due to 
deformation taking place in the test pieces, as suggested by Hatscludi 
(ibid.), but the same effect is shown to a marked di^gree by crude 
rubber which has become somewhat hard as a result of ket'ping. 

Physical Properties. 

The important work of W. B. Wiegarul on the stress-strain 
characteristics (?f rubber has been continued, and a fii’rther ])a])er 
contains the results of an investigation into thev energy transforma- 
tions which occur during stretching.’®- It is pointed ,out that the 
work applied in deforming the material is transformed into three 
forms, viz., stored potential energy, reversible heat, and frictional 
heat, and on rapid retraction the potential energy is largely re trans- 
formed into work, whilst a further development of frictional heat 
occurs. The form of the hysteresis cycle, therefore, will obviously 
depend on whether the tests are carried out rapidly or slowly to 
facilitate the dissipation of the enei^y transformed into heat, the 
latter being the method which Wiegand fourtd the more satisfactory. 

1 fidia- Rubber J., 1921, 62 , 959. 

’®® India-Rubber J., 1921, 62, ^ 

101 Ann. Repls., 1920, 5 , 343. 

. 102 J. Ind. Eng. iJhem., 1921, 18 , 118*, India-Rubber J., 1921, 61 , 663 ; 
J., 1921, 229a. 
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The preliminary results sliowed that the energy losses due to heat 
development beca^hie very jnarked for elongations exceeding 300%, 
the curve obtained by plotting elongations against hysteresis loss 
being a rectangular h 3 ^erbola. (kmsequently, for the subsequent 
experiments to determine the effect of the degree of vulcanisation 
and the addition of fillers, an extension of 200% was employed, 
with a rate of extension in the neighbourhood of 20 inches per 
minute. In this way it was found that the energy loss due to the 
devc^lopment of friiitional heat amounted in the case of a pure 
mixing to only 4% of the total work, and that this figure further 
slightly diminished by over-vul(;anisation. When, however, 5 and 
20 volumes of zinc oxide are introduced into the mixing, the losses 
are increased to 8% and 14%, respectively. Against this increased 
heat develo])ment shown by compounded mixings under stress, 
however, has to b(‘ set the improvemcuit effifcted in the thermal 
conducticity,i”=* in which resjiect zinc oxide would seem at first sight 
to possess considerable advantag(\s over carbon black. With a 
jmeiimatic tyre, howevei;, the transformation of energy into heat 
in the rubber lr(‘ad is small in comparison with that taking i)lace 
ill the cotton fabric or cords of the casing, and Wiegand gives some 
interesting results showing th(‘ relation between the number of 
plies of canvas and the energy constimjition on flexion as shown 
by pendulum measurements. 

The subject dealt with by Wiegand in the present and previous 
pa])ers is one of gre^at technical importance, and his work should 
stTve as a stimulus to further research in connexion with the various 
factors which determine the efficiency and durability of motor tyres. 

The well-known “ grain ” sometimes shown by articles made 
from calendered sjicct has been investigated by A. van Rossem,^®* 
who shows that^ ] property — consisting of a marked difference 
in the str(;ss-strain characteristics between the transverse and 
longitudinal directions— disapjiears when the rnalerial is heated 
to 70® C. for two hours and .allowed to shrink freely. 

It has been suggested by R. W. Lunn'®® that this effect may be 
explained by assuming sjiheroidal particles of a viscous liquid 
enveloped by an elifstic skin, which are flattened and elongated 
in one dinxition by passing between the rolls of the calender. It 
is assumed that, whilst the viscosity of the internal liquid is 
sufficiently high at ordinary temperatures to maiutain the particles 
in a deformed condition, this becomes reduced warming, with 
the result that r(‘Covery*can th* ji take place. 

The observation by W. B. Wiegand, i®® that treatment with a 

A. A. Somerville, India-Rubber J., 1921, 62, 89, 94 

India-Rubber J., 1^21, 62, 343 ; J., 1921, 667a. 

India-Rubber J., 1921, 62,^31. 
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solvent is equally effective in removing grain ” appears to show 
that this phenomenon is not a “ Jouje ” effect, as supposed by 
van Rossem, but is in some way conpected with viscosity, as 
suggested by Lunn. 

The solubility of various organic compounds in rubber has 
been investigated by G. tiruni, employing the “ cooling curve ” 
method^®’ ; the results with naphthalene, azobenzene, etc. show 
rubber to behave as a normal solvent ; whilst H. P. Stevens, in 
his work on the vulcanisation of rubber in solution, has produced 
further evidence in support of the greater solubility of sulphur in 
vulcanised, compared with raw, rubber. 

Some experiments on absorption of light by caoutchouc in 
ethereal solutions have been carried out by S. J. Lewis and B. D. 
Porritt,^*^ whose results indicate that this is of the general type, 
and not pronounced for wave lengths greater than 2700 units. 
Whilst this explains the protective influence exerted by certain 
dyes against the detrimental effects of sunlight,^®® the work has not 
been carried far enough to afford any evidence regarding the 
constitution of rubber. The suitability of rubber sponge as an 
insulator for cold storage chambers has also been examined. ^^® 
When specially prepared in a highly ccUular form, this material was 
found to possess a heat conductivity lower than that of any of the 
numerous other insulators investigated, and, if it could be produced 
commercially in suitable form, a new application for rubber would 
appear to be in prospect. 

Ageing. 

The need for some quick test to indicate the durability of rubber 
goods has been felt by the manufacturers from the earliest days 
of the industry, but, so far, no thoroughly reliable method has been 
devised for the purpose, probably for the reason that the changes 
which occur are undoubtedly complex and influenced*by different 
factors according to circumstances. This fact is emphasised by 
0. de Vries and H. J. Hellendoom,'^^ in a paper giving the results 
of ageing tests on a series of cures of a 92*5 : 7‘5 rubber-sulphur 
mixing over a period of two years. The results of the physical 
tests on these samples show that whilst the strain steadily diminishes, 
the stress initially increases on keeping, but later diminishes. 

Whilst this behaviour is in general agreement with the work of 
Stevens and other investigators, the fact that the results do not 
show any marked signs of instability in the case of over- vulcanised 

Rubber Age, 1921, 2, 280. 

J., 1921, 18t. 

B. D. Porritt, India-Rubber J 1920, 60, 1169 ; J., 1921, 19a. 

11? Food Investigation Board, Special Report Ng. 6, p. 65 ; H, M, Stationery 
Office, 1921. 

• It^’UMer J., 1921, 6L 87, 
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wmples contk,mmg betT^een 4% and 6% of combined sulphur must 
be surprising Ito those^ familiar with technical conditions. It 
has, however, been suggested that these abnormal results may be 
due to the special climatic conditions under which the tests were 
carried out, the presence 'of considerable quantities of water 
vapour having been found to exert a protective influence. 

In carrying out ageing tests, in addition to considering the 
effects jiroduced by light, temperature, and water vapour, attention 
should be paid to the well-known fact that all rubber goods tend 
to become hard on prolonged storage, and require warming or 
mechanical treatment to produce a flexible condition in which any 
permanent alteration in physical condition can be detected. 
Having regard to the variety of factors which influence the ageing 
of rubber, it is not surprising to find W. C. Geer and W. W. Evansi^ 
emphasising the need for caution in interprethig the results obtained 
by accelerated tests carried out in hot-air ovens at 160° F. These 
workers find that under these conditions a period of three or four 
days is generally sufficient to yield useful information regarding 
the durability of a sample, particularly in respect to the effect of 
over- vulcanisation. 

The statement, referred to in last year’s report, that tjie 
substitution of carbon-black for 2 rinc-oxide produces an adverse 
effect on the ageing qualities of a mixing, has been subjected to 
severe criticism by W. B. Wiegand,ii’ and, in the light of long tech- 
nical experience since the days of Hancock, there seems little 
reason to anticipate any detrimental effect resulting from the use 
of this pigment, provided it be satisfactory in quality. 

Miscellaneous. 

A welcome feaoi^re of the year has been the material development 
of a wider interest in the underlying problems of tyre manufapture 
and usage, which formed the subject of a* paper read by 
C. Macbethii* before the Institution of Automobile Engineers. 

As progress in tyre design obviously must involve the study of 
condition^ of usage as well as methods of manufacture, the proposed 
initiation of an ii^vestigation into the complex problems of car 
suspensions by the British Motor Research Association is a develop- 
ment of considerable importance to the rubber manufacturer. 

Another important problem common to the rubber and motor 
industries is that presented by the supply of|petrol and similar 

H. P. Stevens, In^ia^Ruhi "- J.y 1921, 61, 310. 

Ann. Repts., 1920, 5. 345. 

P. Schidrowitz, India-Rubber J.^ 1921, 61, 261. 

India-Rubber J.y 1921, 61f 1163. 

Ann. Repts.y 1920, 6, 346. 

India-Rubber 604. 

India-Rubber J,, 1921, 61, 929, 976, 1021, 1071. 
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solvents, which have greatly increased in price during recent years. 
For this reason, processes designed for tho cfficien't and economical 
recovery of solvents are now of copfjiderable interest, and 
attention may therefore be directed to two recent pa])ers, by 
I. Masson and T. L. McEwan,”® and A. A. Drummond,’^® dealing 
with (jordite solvents, as well as to the })romised publication by the 
Department of Scientific and Industrial Research of fuller details 
regarding the plant and working of solvent recovery installations 
in Government factories during the war. 

As the methods hitherto used or suggested for the separation of 
solvent vapour from air have, in general, depended upon either 
direct condensation by cooling or absorption in some high-boiling 
liquid, a recient proposal to employ silica gels for this purpose 
should not be overlooked. 

Analysis and Testing. 

It is to be regretted that for the time being the subject of rubber 
analysis does not appear to be receiving the attemtion which its 
importance and imperfections deserve. 

During r(‘C(mt years consideration appears to have been directed 
more to physical than to chemical methods, and, as an exanqile, the 
suggestion that X-ray examinations might prove of technical 
value^^a tias been taken up and successfully employed for the testing 
of golf balls. 

The importance now attached to the fineness of division of 
compounding ingredients has naturally brought the microscopti 
into prominence as a means of determining not only the average 
particle size of fillers, but the uniformity of their dispersion in the 
rubber mixing. The difficulty which has stood in the way of the 
general application of microscopical meth(jds to the examination 
of rubber has betm one of technique, it being impossible lo prepare 
satisfactory specimens for the purpose by the usmil wax embedding 
method, except with material in which a film of rubber is firmly 
anchored by textile fibres. By the use of the freezing method, 
however, H. A Depew and I. R. Ruby^^s su(jceeded, by employ- 
ing liquid carbon dioxide supplemented by liquid air, in preparing 
sections sufficiently thin for examination by transmitted light, 
and as an alternative it has been suggested that the necessary 
rigidity for cutting might be obtained by treatment with dilute 

J., 1921, 32t. 

12® J., 1921, 284t. 

121 E. B. Miller, Ohem. and Met. Eng., 1920, 23, 1155, 1219, 1251 ; J., 
'1921,109a. 

122 Nature, 1920, 104, 698. 
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sulphur chloride solution .^^4 xhe methods outlined seem likely to 
remove the diffichlties experienced in the past, and before long 
microscopical examination may be included amongst the standard 
tests to which rubber samples are subjected. 

The determination of hardness has been a test upon which much 
tliought and ingemuity have been exl^cnded, particularly in con- 
nexion with the products of metallurgical industries. In the case 
of rubber goods, the wide variation in the physical properties due 
to diHen'm^es in the degree of vukumisation and the proportion of 
compounding ingredkmts has renderi;d the problem one of special 
difficulty. For this reason a paper by H. P. Gurney , ^25 dealing 
with this question, is worthy of careful attention, although it can 
scarcely be ex])ected that any one instrument will be found applic- 
able to materials so diverse in character as masticated rubber and 
ebonite. • 

The (ixamination of balloon fabrics has formed the subject of two 
publications during the year, by A. W. Ritchie^“® and J. W. W. 
T)yer.^“’ Although these papers are of considerable interest to 
those con(H‘rned with tlie manufacture of such materials, the 
methods of testing described are not particularly novel, being 
largely bas(‘d upon those evolved by the National Physical Labora- 
tory and earli(T w'ork(^rs on this subject. 

From the analytical standpoint, the two mofst interesting com- 
munications which have appeared deal respectively with the 
detection of accelerators in vulcanised samples and the examination 
of antimony sulyffiide. 

As a n^sult of a study of the former problem, D. F. Twiss and 
G. Martin ^28 that the presence of organic accelerators in a mixing 
results in an increase in the nitrogen content of the acetone-soluble 
constitmuits of tfi/ vidcanised material. The mean value for 
material made up fimii Hevea plantation rubber has been founds to 
be ajiproximatelv calculated upon the original w^eight of 

the rubber, and if h figure is obtained exceeding 0.05% the use of 
an organic •accelerator containing nitrogen may be suspected, 
l)articularly if the relationship between the physical characteristics 
and the coefficient vulcanisation proves to be abnormal. The 
identification of the particular accelerator used is evidently a much 
more difficult matter, since, during the process of vulcanisation, 
these substances, wffiich are used in small proportions only, become 
largely transformed into other products. A general scheme of 

H. (4roen, IruHa-RMcr J.,"V)2l, 62, C22. 

J. Tnd. Efig. Clmri., 1921, 13, 707 ; Indm-Rubber J., 1921, 62 , 497 ; 
J., 1921, 819a. 

Advisory Committee for Aeronautics, Report and Memoranda, Nos. 360, 
584, 614 ; H.M. Stationerj; Office, 1921. 

^ AeronauticalJ., 1921, 25, Jf32. 
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analysis has been suggested, involving the examination of the 
extracts obtained by treatment with j^icetone, '•water, and hydro- 
chloric acid respectively, by which it is^ claimed an indication as 
to the type of accelerator present can often be secured. Further 
work would appear necessary on the behaviour of various acceler- 
ators in different types of ‘mixings, both pure and compounded, 
before the formulation of a reasonably general method of detection 
can be expected. 

In contrast to the foregoing problem, the analysis of antimony 
sulphide is a subject which has attracted attention for many years, 
the question usually at issue being whether the free sulphur 
extracted by treatment with boiling carbon bisulphide is an accurate 
index of the amount present under the conditions of vulcanisation. 
The results of an investigation into this matter have been published 
by B. J). W. Luff and B. D. Porritt,^’^® who show that the higher 
sulphide suffers appreciable decomposition at 140° C., with the 
liberation of additional sulphur, and direct attention also to the 
possibility of insoluble sulphur (S/t) bein^ present in samples of the 
pigment. For these reasons it is suggested that samples should be 
heated to 150° 0. for five hours in an alkaline atmosphere before 
extraction, in order to decompose the higher sulphide and to 
convert any insoluble sulphur present into the soluble form. It is 
proposed that the result of this determination should be described 
as ‘‘ available sulphur,” a term independently suggested by D. F 

Twiss.^30 

From this work it would seem that the higher sulphide of antimony 
is not decomposed by low-boiling solvents, as has been assumed by 
many previous investigators, and that no appreciable decomposition 
takes place until a temperature in the neighbourhood of 130° C. 
is reached, when the red trisulphide is formed with the liberation 
of, sulphur. , 

Whilst the stability of the higher sulphide, which has recently 
been stated to be a tetra- and not a pcnta-cBmpound,^®^ may be 
regarded as satisfactorily settled, there is still room fof further work 
to explain the somewhat surprising fixation of sulphur noticed by 
Luff and Porritt in the case of certain samplesihcated at 120° C. 

J., 1921, 275t. 
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LEATHER AND GLUE. 

By D. WooDROFFE, M.Sc., 

Head of Leather Dept., Northampton Technical JSchool. 

The year 1921 will long be remembered in the annals of the leather 
trade as one of the most abnormal periods in the history of the 
industry. It cannot be said to have been the worst year the 
trade has experienced, because many firms have had no short time, 
but on the other hand some have been shut down during the greater 
part of the year. The tanners and manufacturers who have man- 
aged to dispose of their» output have been those enterprising people 
who could adapt themselves and their production to the abnormal 
demands which arose. This has applied more particularly to the 
light leather manufacturers. 

Two factors have greatly influenced the leather trade during the 
past twelve months, viz., the price of raw hides and the price of 
raw calfskins. A great slump in trade set in towards the middle 
of 1920. In some districts and in the case of sole leather generally, 
the demands fell off after Easter, 1920, and consequently the 
sole leather tanners were obliged to reduce their input of raw 
material. The price of raw hides still remained at its high level, 
partly owing to.^e much higher cost of imported raw skins. It 
seemed evident ibe tanners that no progress could be made 
until the» price of hides had been reduced to a more reasonable 
level. With thit^ object in view the United Tanners’ Federation 
decided that in view of the slump some attempt should be made 
to cope with the abnormal situation which had arisen, and the 
members pledged themselves to reduce their input of raw material 
by 50%. The inef i table drop in the price of the raw material was 
effected, and the price of rawhides fell to below 5d. per lb., a figure 
which had not been known for nearly 20 years. .This was the 
price ruling about Easter, 1921, and it became quite a tempting 
figure for the tanner. He commenced to lay in stocks at this 
figure, with the result that prices commenced to firm up, and there 
waLi a gradual increase from 5d. to lid. in October. It is probable 
that the price of hides will stabilise around this figure, which is 
about 50% above pre-war costs. The heavy leather trade was 
in a very depressed (?bnditi®n at the beginning of the year. Stocks 
were being realised at most ridiculous figures, but having disposed 
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of their high-priced stocks, tanners developed confidence, and the 
year has elosed with a certain amount of paisgivin^ as to the volume 
of future trade, but with a firm assurance tl^at there will be sufficient 
home trade to maintain a restricted economic production until 
the export trade revives. 

The position in the upper leather trade is rather different. Solo 
leather tanners have had nothing to fear from foreign competition 
because the adverse exchange rates tended to exclude American 
imports, but the greatest competitors in calf leatluTS are the French 
and German manufacturers, who v'ere considerably aided by the 
exchange rates. Raw calfsldns had slumped in price early in 1920, 
but very few English tanners had taken advantage of this low 
figure, with the result that the price slumped still further to 8d. 
per lb., which, with manufacturing expenses, labour and overhead 
charges at 7d., enabled box-calf to be produced at a small profit 
at Is. fid. per foot. French caK was being imported in small 
quantities in 1020, but owing to its vastly supcTior quality and 
the large demand it was realising very high figures. When the 
winter slump reached its worst the price of imported calf slumped 
also and French calf was procurable at 2s. per foot. The German 
manufacturers had now begun to export to this country, and the 
low price of the mark enabled them to cut the figure to Is. fid. and 
later to Is. 3d. per foot, at which price it was impossible for English 
or French manufacturers to compete. The English tanners were 
thus compelled either to shut down or to seek to improve their 
productions and surpass the imported German leathers. Many 
firms in the North elected to close down and have not opened since, 
but the manufacturers in the Midlands and in Scotland have 
exhibited more enterprise. They have made strenuous efforts to 
compete with the German and French tanners as regards quality, 
and, in the opinion of some of the leading boot manufacturers — 
and they are kden critics — ^some of the upper leather produced 
in the British Isles to-day is equal, if not superior, lo the best German 
and French productions. Some of the willow calf bein'g dyed and 
finished in the Midlands approaches as near perfection as we can 
ever hope to finish a natural and variable prodiu^t such as hides and 
skins. 

As regards, the production of glazed kid, great strides have been 
made in this direction by many young firms. Some of the black 
glazed kid manufactured by young and progressive tanners is 
openly acknowledged by the boot manufacturers to be quite equal 
to the best American productions — ^which is a great admission on 
their part. But the Americans still maintain a splendid supremacy 
in dyeing and finishing coloured glazed kid, and there seems no 
likelihood of that pupremacy being challenged. Leather dyeing 
is one of the weakest links in the British leather industry, and no 
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work has been published during the past few years which shows 
any signs of progh’ess. There is still a close veil of secrecy njain- 
tained in respect of leather dyeing, but progress is being made in 
certain directions, as evidenced by the excellent willow calf which 
is b(*ing obtained. As yet, however, this 2)rogrcss has not extended 
to glazed kid. 

This year has witnessed a further growth of the leather and glue 
industries in our (;olonies, and some of them are beginning to exjiort 
high-class leathers to the homo country. Canada, Australia, 
India, and South Africa have all shared in this development. The 
universal slump in trade has caused a temporary lull in some 
eoloni(‘s, but it is only temporary, and the home tanners an^ already 
looking to their laurels. The leather trade in other countries has 
been jjassing through very critical times — America, German}^ 
and France arc tlu^ only ones which need *be mentioned. 'JMie 
slump has been a very serious blow to the American leather trade, 
but it has weathered the storm. The French and German tanners 
have not beim so badly^ hit by the slump as by the shortages of 
mati'i’ials. Germany, in particular, has passed through some very 
strange (‘X2)eric'nces. Her leather factories have not been abli*- to 
work at their maximum output owing to difficulties in securing 
raw materials. It is not very clear ‘why, but it ap^jears as if the 
financial straits of that country arc the root cause. 

In general, the jiosition is very encouraging, and particularly for 
the British leathcT industries. Many tanners are manifesting a 
keen enthusiasm for im2)rovement ; the standai’d of British produc- 
tion all round is being raised. The business heads are keenly alive 
to the need for new blood and new methods, whilst retaining all 
that is best in t]ie old. A revolution has been brought about 
in liming proc(^^ses^ w hich would have been deemed im2)ossible in 
pre-war d»jy's. Ueiiming and bating are likewise being modified 
in accordance with the latest researches on the subject. The 
British tanners are* becoming more and more imbued with stdentific 
ideas, and *they arc beginning to realise the necessity for close 
chemical control of all purchased chrome tanning liquors or, what 
is much better, the^i are manufacturing their own tanning liquors. 
Fat liquoring is still not very clearly understood, and the tanners 
of tu-day prefer bought mixtures to pure products, which they 
can mix to suit their own requirements. Theje is considerable 
scope for the application of the principles of Ij^^grometry to the 
drying plants in many jpather*fpctorics. The latest type of machine 
is built up on very sound scientific principles. The finishing of 
heavy, light, and dressing leathers has long been a foreman’s secret 
handed on carefully to sons Und friends, but serious inroads are 
being made into the ttnexp^ored realm of that knowledge. The 
application of pigment finishes, which was referred to last year, 
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has been considerably extended. An English company has been 
formed to manufacture the finishes in thi^ countrj^, and strenuous 
endeavours have been made to familiarisp tanners and dressers 
throughout the kingdom with their properties and application. 
The German practice of lightly buffing the grain of all heavier 
skins is being generally adopted and a superior finish and appearance 
is being obtained. 

Leather manufacturers throughout the country have begun to 
realise the truth of the late Lord Allerton’s dictum : “ Leather 
is made or marred in the limeyard.” The liming process has been 
revolutionised in many factories. 

It is very gratifying to find that the thirst for knowledge continues. 
The Leeds University Leather Industries Department ^ has been 
enlarged during the last year, to provide laboratory accommodation 
for additional students. More convenient quarters have been 
provided for the study of bacteriological and microscopical prob- 
lems in connexion with the industry. The entry of students has 
constituted a record in the history of the department and applica- 
tions from abroad have been refused owing to the unprecedented 
numbers of British and Colonial applicants. A large amount of 
valuable research work has been carried through at this institution 
and it is exerting a very beneficial influence on the trade. 

The Leathersellers’ Company’s Technical College has had one 
of its most successful sessions since the inception of the college ; 
fiO students have been in attendance during the year and a very 
high standard of proficiency has been reached, as evidenced by 
their success in public examinations. The Northampton Technical 
School Leather Department has had a most successful session 
and the entries for full-time day courses for the new session have 
taxed the accommodation of the department to its limit. The 
students at the Runcorn Technical School have distinguished 
themselves, and the Leather Section there has Jiad a very useful 
session. The growth of educational facilities and the active interest 
manifested by members of the trade in the different centres where 
these institutions are situated, are significant features of the general 
trend of the trade. The manufacturers are kebnly alive — as they 
have never been before — to the importance of science to their 
trade. They, are acting on advisory committees in connexion 
with these educational institutions and affording many facilities 
to their employees' to participate in the training. 

A further gratifying feature of the yeai has been the pride 
exhibited by the leather manufacturers in their new Research 
Association, which has prosecuted its investigations during the 
year. Reports have been circulated to members, but the information 

' 1 Leather Trades Bev.^ 1921 , 329 . 
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in them is confidential. Several new research stations * have 
been established in different parts of the world for investigating 
problems in leather manufacture.- The American Tanners’ Council 
has fixed upon the University of Cincinnati as the centre for a 
research laboratory and researches are being continued in colloid 
chemistry at the Columbia University as a result of an annual 
grant by a large firm of leather manufacturers in Milwaukee. A 
new research institute for the leather industry is to be erected at 
Dresden, Germany, towards the cost of which £400,000 has been 
contributed by the industry itself, £150,000 by the Export Bureau, 
and substantial amounts by the City of Dresden and the State of 
Saxony. It is also proposed to establish a research station and 
experimental plant in the United Provinces in India and a leather 
research institution is to be established in Sweden. The British 
Boot, Shoe and Allied Trades Research Association has done some 
valuable work during the year and has j)ublished a preliminary 
report on the properties desired in welted insole leathers. 

For a long time it has b,cen felt that there was a great dearth of 
up-to-date literature for the trade. The standard textbooks have 
been published over ten years and none of the authors has been 
able to devote time to the task of revising their publications. The 
most valuable textbooks are out of '[)rint, and it has become a 
matter of great concern to many that no fresh publications were 
being issued. The Germans have been far ahead of us in this 
respect, and the number and variety of their technical publications 
have been astounding. It is very gratifying to find some attempt 
made to remedy this lack, and the following books have appeared 
during this year: ‘‘ Tanning Materials^ (with notes on Extract 
Manufacture),” A. Harvey, Crosby, Lockwood and Son, London ; 
“Animal Protein^/ G. Bennett, Balliere, Tindall and Cox, 
London, anc^ “ Practical Leather Manufacture,”^ H. G. Crockett, 
Leather Trades Publishing Co., Ltd. In addition* to these new 
books in English, there has appeared a new journal for leather 
chemists, Zeitschrift fur Leder- und Gerber ei-Ghemie, edited by 
Dr. Moeller, and published by Otto Meissner Verlag, Hamburg. 

Soaking and Liming. 

Hitherto very little attention has been paid tp the raw skin. 
It has been generally recognised that its nature c^d influence the 
finished leather and thaj stale*goods were inferior to fresh skins, 
but the tanner has not taken any special precautions to avoid 

a Ibid., 1921, 860. 

» Ibid., 1921, 476. 

* Ibid., 1921, 859. 

® Ibid., 1921, 884. 
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loss in raw goods. G. D. McLaughlin® hks studied certain charac- 
teristics of fresh hide thirty minutes after it hafl' been flaj^ed. He 
observed that at concentrations greater than N / ’20, organic acids 
produced most swelling of the corium. Further swelling was 
caused by immersing the acid swollen pelt in lactic; acid. Sodium, 
potassium, and ammonium chlorides exerted a swelling action on the 
corium, whilst the chlorides of the heavy metals possessed a small 
swelling power only, in some cases dehydrating the pelt. Less 
acid swelling was obtained if the pelt had been tri'atod w ilh metallic 
chlorides first. In later experiments’ McLaughlin shovcnl that the 
swelling properties of ])elt w'ere very adversc^ly affc‘ct(;d by allowing 
the freshly flayed skins to remain (‘xposed lo the* air. The corium 
was swollen with lime water and the amount of swcdlhig obtained 
diminished 25% by exposure to the ordinary atmosphere for 4| 
hours. Acid was formed in the skin and tlu‘ amount formed was 
determined by alkalimetric titration. Ex])eriments are being 
continued to determine the effect of solutions of diffcTcuit salts on 
the hide. 

H. 0. Ross, H. C. Marris, and Wm. Walker and Sons, Ltd., have 
taken out a patent® which bears on this subject. Tluy find that 
certain enzymes are present in the ecdls of the skin and these can 
start putrefaction. Thrombase is ]U’odu(;ed by the living cells 
composing the skin just before the cells die. Sa])roj)hyti(; bacterial 
infection produces a j)rotcoclastic enzyme whic;h c'xc'rts a (kdrimental 
action on the hide or skin. The patentees have proposed to preserve 
hides and skins from the action of the thrombase by treating them 
with ammonia or other end products of the action of that enzyme 
and from the action of the “ saprophase ” or proteoclastic enzyme 
by disinfection. A mixture of potassium oxalate, peptone, ])henol, 
and glycerin is suggested in the specification. They ascribe the 
deterioration or partial depilation of skins after flaying to the action 
of these enzynies, particularly saproprotease and thrombase, and 
in a subsequent patent® propose to use this action for unhairing 
hides and skins. The hides are dipped in a weak solution of 
ammonia and calcium poly sulphide or lactate. The ammonia 
inhibits the action of the bacterial enzymes bqt does not inactivate 
the physiological enzyme, thrombase, which is formed around the 
hair roots. The calcium polysulphide or lactate is added to activate 
the thrombase and, if thought necessary, a small addition of trypsin 
can be made to the unhairing liquor. 

The British Leather Manufacturers Research Association has 
been occupied on the problem of the bacteria occurring in soalvs. 

« J. Amer. Leather Chem. Assoc., 1921, 16, 295 ; J., 1921, 669a. 

’ J. Amer. Leather Chem. Assoc., 1921, 16, 435 ; »/., 1921, 781a. 
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They have isolatefj a tremendous number of organisms, and it is 
their intention to investigate the characteristics and effects of 
each individual organism. « Some eminent leather trades’ chemists 
hold the view that the soak liquors and the bacteria present in 
the waters used in different tanneries, play a very important part 
in the quality of the leather produced. There are certain indica- 
tions that enzymes have a very desirable action on the fibres, but 
further work is required on the subject. 

The subject of bacteriology and microscopy has been very much 
to the front during the past twelve months in connexion with the 
leather trade. W. Moeller’“ has written a number of articles on 
the structure of tlie hide fibres. A. Seymour- Jones^^ has made a 
series of valuable contributions to our knowledge of the skin as 
it enters into the art of leather manufacture, and in conjunction 
with F. L. 8i'ymour-Jones^- has given a sketch of the applications 
of the microscope to the leather industry. The valuable researches 
carried out by A. Sc'ymour- Jones and the most excellent account 
which he has published ■ have stimulated the interest of many 
workers in this branch of the science. 

A wi'iter some years ago stated that the leather industry presented 
a very profitable field of research to the technical mycologist. One 
firm of consulting ch(‘mists has instituted a special branch for the 
(‘xpress purpose of specialising on the technical mycology of the 
leather trade. This enterprising firm has commenced the publica- 
tion of a bulletin containing a record of the most important work 
carried out by this branch, and the second issue’-* contained an 
account of an investigation of the causes of “ run ” pelts in the 
sweating process. This defect was traced to nematodes, organisms 
of a worm-like chu»’^*tcr which live on organic fluids. They be- 
longenl to the family X nmlhelminthes and are found in all decaying 
vegetable axid organic matter. They did not appear to be present 
in the skins on arriv,al at the tannery but were found in the sweating 
chamber itself, and it is suggested that they arise through insufficient 
regard for cleanliness in that chamber. 

R. H. Marriott’^ has unhaired skins by the aid of dilute acids, 
particularly acetic acid, and he considers that this depilatory 
action is not bacterial but probably due to the hydrolytic action of 
the acid on some prosthetic protein similar to mucin, the carbohy- 
drate group being attacked by some ferment whic^h develops in the 
liquor. Acid unhairing is nqt so effective as ol^dinary liming as 
shown by the presence' of the sudoriferous and sebaceous glands 

Collegium, 1916 and 1918. 
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in the unhaired skin. There is some bating aqtion since a skin 
unhaired with acid, tanned, and finished without bating, was 
softer than a limed and bated skin, and Marriott' ^ has repeated his 
experiments with both calf and goatskins and mounted sections for 
microscopical examination. «A. Seymour- Jones’ ® has applied tryp- 
sin in the form of a j)aste to the grain only of skins, previously 
delimed with acetic acid, and has shown that the elastic fibres are 
digested. J. T. Wood’’ has patented the application of an enzyme 
paste to the grain of skins for puering and bating. Several works 
are bating for very short periods of time and obtaining leather of 
excellent quality. 

J. A. Wilson^® has prepared photo-micrographs of sections of 
skin before and after bating with trypsin ; these reveal an absence 
of elastic fibres after, the bating process. He concludes that bating 
consists of the reduction of limed skins to a state of minimum 
swelling and the digestion of the elastin fibres present in the grain 
membrane. Marriott criticises this. He admits that elastin is 
digested by an enzyme bate but this digt;stion is not essential to 
the bating process, since he has obtained softer and better leathers 
by merely unhairing with |% acetic acid solutions and not bating 
at all. He suggests that the solution of the cementing substance 
is one of the essential features of true bating. After discussing the 
lack of optical activity of elastin under j)olarised light, he concludes 
that the elastin fibre is cither a liquid or a semi-solid like gelatin 
solution. The writer is acquainted with several prominent firms 
who omit the bating process entirely from their wdllow and box calf 
manufacture. The skins are delimed with acetic acid, then pickled 
and tanned. 

W. Rautenstrauch’ ® has patented the use c of N/IO barium 
hydroxide solutions for unhairing. R. Hilgermann and M. 
Enimerich’’® prepare an enzyme mixture from cultun^s»of B. emy- 
coides tumescenSj megatherium, and mesentericus and certain moulds, 
Mucor and Aspergillus. Hides are softened with acid and alkali, 
placed in water, and treated with the enzyme preparation for 
24-96 hours at 22°-25° C. to loosen the hair. The Chicago Process 
Co.”^ has patented a process for liming and-* unhairing hides by 
giving one day in a used lime and sulphide liquor, then one day in a 
used lime liquor to which has been added about 2% of sodium 
sulphide on the weight of the hides. After one day in this liquor 
the hides are washed and passed through four lime liquors the last 

Ibid., 1921, 6, 280 ; J., 1921, 781a. 

Ibid., 1920, 4, 291 ; J., 1921, 123a. 

17 E.P. 154,103 ; J., 1921, 53a. 
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of which is abo^t 18° Bkr. strength. This is the first instance 
the writer has noticed in •print of lime liquors of a definite barko- 
meter strength. This iis* a new factor in limey ard control work 
but it has been successfully applied in many of the leading English 
and Continental chrome tanneries.. Sodium sulphide solutions 
of a definite barkometer strength are employed in tightening the 
grain of pelts for chrome tanning, and the success of this sulphide 
treatment depends on three variable factors, viz., time, concen- 
tration, and* the j^ercentage of the material on the pelt weight. 
The writer is convinced that there is great scoj^e for the 
standardisation of these three vital factors in other process(‘s of 
leather manufacture. There is very little fresh to report in the 
methods of deliming except the use of sodium bisulphite for this 
purpose. 


Tanning, Tanning Materials, Etc. 

There have been no remarkable advances made in tanning or 
in the search for new materials. Considerable forests of oak and 
chestnut trees have been discovered in Burma^^ and these trees 
appear to be very rich in tannins. Samples taken and analysed 
have revealed a good workable content of tannin and a low non- 
tannin content. From tests made, it would appear possible to 
produce an extract from them containing about 80% of tannin. 
J. A. Pilgrim^^ has reported to the Government of India on the 
mangroves found in the Sundarbans Forest Division. F. Liebert^® 
has traced the development of gas in oakwood extracts to the 
presence of a yeast which closely resembled Saccharo7riyces apicu- 
latus. The infection >vas traced to the exposure of the concentrated 
extract to the air* «Aft(;r being run out of the evaporator, and it 
affords an extraordinary instance of the selective growth of yeasts 
to the exclusion of bacteria and moulds. 

Fresh attempts Ifave been made to popularise the process known 
as electro-taoning. G. Grasser** has made a very complete study 
of the behaviour of the different tanning materials under the 
influence of an eleqjiric current. Most tannins have a negative 
charge, revealed by anodic migration. In most cases the migration 
is sluggish until some acid has been added to the solution. A 
certain amount of tannin is decomposed by the current and insolu- 
bles are formed. The purification or separation of the tannin 
constituents is not possible by means of electro- osmosis owing to 
secondary changes. Grasser claims that his experimental results 

^ Leather Trades Rev., 1921, 954. 
lUd., 1921, 39. 

2* Ibid., 1921, 378. • . 

Collegium, 1921, 76 ; J., 1921, 312a. 

*• Ibid., 1920, 17 et aeq. ; J., 1920, 729a. 
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show that the passage of an electric cuiTcnt thi;ough tan liquors 
does facilitate tannage and special advantages accrue from the 
use of weak tan liquors. The Elektro-Qsjtnose A.-G.^’ have been 
granted patents dealing with the tannage and weighting of hides 
and skins in connexion with the electro-osmotic process of tanning. 
The preliminary tannage is carried out in weak tanning liquors 
of sp. gr. 1-0007-1 -0035 through which is passed a continuous 
current of 30 volts for 24 hours. The tannage is completed by 
immersing the hides in stronger liquors (sp. gr. 1-040) for 24 hours. 

Several new 8Uggestion«i have been made for accelerating the 
tanning process. A. Manvers^* soaks and limes dried hides in an 
evacuated cylinder and then exposes the fleshed delimed hides to a 
high vacuum for J to 1 hr. A strong tanning solution from which 
all the air has been removed is pumped into the vessel under a 
pressure of 20-40 lb. per sq. in. The tanning process is stated 
to be accelerated^® by placing the hides in a series of autoclaves 
each connected with a central filtering pit, through which the 
tanning liquors arc circulated under a pressure of 3 atm. W. H. 
Ockleston and T. B. Carmichael*’® describe the pieparation of a 
soluble starch for use in suspension pits or in the later stages of 
sole and heavy leather tannages. Manvers completes his tanning 
process by treating the hides with a weak glue or gelatin solution 
which is subjected alternately to high vacuum and high pressure. 
Various other patents have been granted for impregnating and 
waterproofing leather, e.g,, with commercial rhbber cement. 

The British Boot, Shoe and Allied Trades Research Association 
has been busily occupied with the problem of weighted leathers. 
In the early part of the year a prominent tanner delivered a lecture^*-* 
primarily intended for the boot and shoe trade and he gave utterance 
to some very sweeping assertions. He defended the weighting of 
sole leathers as adding to their wear and resistance. He claimed 
that insole leathers were heavily weighted because the boot manu- 
facturers would not pay the price for an unadulterated article. 
In reply to criticisms of the insole leathers supplied he* stated that 
if only the boot manufacturer would inform the tanner of his 
requirements in this respect, there w^as not an* English tanner who 
could not fulfil them. The British Boot, Shoe, and Allied Trades 
Research Association has answ^ered this challenge in a preliminary 
report issued on “ Welted insole leathers.”®^ The Association 
has defined the requirements of the boot manufacturer in respect 

2’ E.P. 143,921 and 146,938 ; J., 1921* 400a, f39A. 

28 E.P. 166,495 and 167,785 ; J., 1921, 632a, 710a. 

28 E.P. 140,092 ; J., 1921, 632a. 

E.P. 167,5?8 ; J., 1921, 710a. 

.81 U.S.P. 1,369,240 ; J., 1921, 270a. 

82 Leather Trader Rev., 1921, . * 

*8 British Boot, Shoe and Allied Trades Research Assoc., July, 1921# 
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of insole leathers. Various samples of leathers sold for insoling 
purposes have IJecn submitted to mechanical, physical, and 
chemical tests. The chemical analyses showed a wide variation in 
water-soluble and fat cbhtents. It was observed that unsuitable 
leathers invariably contained a high percentage of water-soluble 
matter, which apparently rendered "the fibres brittle and harsh. 
W. J. Chater and D. Woodroffe®* have carried the investigation still 
further and find that the factor of cost is not always the criterion 
of quality. The water-soluble matter is very high in some tannages 
and they feel that there is an unnecessary waste of tanning material 
in the composition of many insole leathers. The Boot, Shoe and 
Allied Trades Research Association^^ has also carried out wearing 
tests to determine the relative wc^ar-rcsistance of sole leathers. 
They find that the grain and flesh are both equally resistant to 
wear and that the middle tissue of the hide* is the most resistant 
to wear. Tlu'ir conclusions have been confirmed by the U. S. 
Bureau of Standards.^® 

The only other feature of interest in connexion with vegetable 
tanning is the manufacture of tanning extracts. Very little infor- 
mation has been divulged hitherto about this important branch of 
tne tanning industry and yet it is most essential to modern sole 
leather tanning. C. T. Gayloy^’ has* contributed some notes on the 
best method of extracting chestnut wood. He recommends the 
step-up method of extraction, in which each decoction is heated 
with the wood for 30 mins, in an autoclave at a pressure of 2 atm., 
the temperature of extraction rising 10° F. (5° C.) for each decoction 
from 210°-280°F. (99°-]35° C.). A. Harvey^® has published a 
note on the yield of extract from tanning materials. B. B. Dhavale' 
and S. R. Das®® have determined the optimum temperature for the 
extraction of ^or^ hark to be 55°-60° C. and lO-mesh to be the 
finest state of division practicable. The properties of sole /ind 
upper leathers for army boots discussed by Schiaparelli will be 
referred to later ifi the report. 

Mineral Tannages. 

There is no starring development to report in connexion with 
chrome and alum tannages, but there have been several interesting 
propositions in regard to iron tanning. The whole of the knowledge 
on that subject has been very thoroughly reviewed by D. D. 
Jackson and T. P. Hou,^® who have advanced theories to account 

J. Sac. Leather Treked Chi^t' .1921, 6, 359 ; J., 1922, 23a. 

Pamphlet No. 1, Sept., 1920. 

Tcchnol. Paper 166, Aug. 21, 1920 ; J., 1921, 230a. 

J. Amer. Leather Chem. Asspe., 1920, 15, 344 ; J., 1921, 229a. 

J. Soc. Leather Trades Chem., 1921, 5, 116 ; J., 192fl, 440 a. 

»» Ibid., 1921, 6, 229*; J., 1921, 709a. 

f® J. Amer. Leather Chem. Assoc.^ 1921, 16, 63 ; J., 1921, 441a. 
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for the difficulties encountered in iron' tannages. They affirm 
that iron is much more basic than chromium o^ aluminium, and 
the ferric hydroxide formed as a result of the hydrolysis of ferric 
salts is so unstable in the colloidal state that it is soon precipitated. 
Furthermore, the ferrous iron in solution, though easily partially 
oxidised, can only be completely oxidised with difficulty. It is 
necessary to convert the ferrous iron to the ferric state completely 
and then to keep it in the ferric state. Jackson and Hou give 
full directions for tanning leather with iron salts, and they claim 
that an iron-tanned leather, properly tanned, is not brittle on the 
grain and does not deteriorate on storing. The tannage can be 
cfEected by drumming for IJ hrs. in liquors of suitable basicity ; 
Fe(0H)S04 is much too basic, since iron possesses a much greater 
basic character than chromium. Ferrous sulphate should be 
oxidised by means of chlorine, sodium nitrate and sulphuric acid, 
or a mixture of sulphuric and nitric acids and the basicity should 
be adjusted by the addition of sufficient alkali to yield a ratio of 
one OH equivalent to every 5 equivalents of the mineral acid 
radicle present. The tanned leather should be gradually neutralised 
so that the iron may be uniformly fixed in the pelt throughout its 
thicloicss. Before dyeing or finishing the leather it should be laid 
aside and allowed to dry out- to minimise the chemical reactions 
between the iron in the leather and the finishing, dyeing, or mordant- 
ing materials which might react with the iron to give an undesirable 
colour. 4 % of FcaOa is the minimum iron in.an air-dried leather 
for a proper tannage. W. Moeller contends that there appears 
to be no limit to the amount of iron which can be absorbed by hide. 
‘Iron salts show excessive electrolytic dissociation and the acid 
formed hydrolyses the hide tissue by prolonged contact. He found 
that 67 % of the hide substance in a sample of hide powder was 
dissolved by strong iron solutions after 3 months’ contact. Neutrali- 
sation of iron- tanned leather does not obviate this defect, which 
explains the decomposition of such leathers dufing storage. 

0. Rohm^* appears to have found a new iron saJt, FeS04Cl, 
which is specially suitable for tanning. It is prepared by the 
action of chlorine on ferrous sulphate or. by allowing mixtures of 
ferric chloride, sulphuric acid, and water, or ferric chloride, ferric 
sulphate, and water^® to react and solidify. The product, 
FeS04Cl,6Hj0, is non-hygroscopic. 

E. Kanet^* tanS hides by immersing them in a solution of ferric 
acetate in the presence of sodium chloride at a low temperature ; 
the wet hides are heated to cause the sepai^htion of the basic salts 
upon and between the hide fibres. 

" Collegium, 1921, 67 ; J., 1921, 313a. 

« E.P. 146,2f4 ; J., 1921, 388a. 

« E.P. 146,218 ;‘J., 1921, 470a. 
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W. Moos and D. Kutsie^® describe the production of flexible iron- 
tanned leather b^ means of ferrous sulph^ite waste liquor from the 
manufacture of cellulose dnd sodium nitrite. 

The only new suggestkfti in regard to the manufacture of one-bath 
chrome tanning liquors has been that of C. F. L. Barber and P. R. 
Barker/® who propose to reduce solutions of chromic acid or 
bichromate and acid, with synthetic tan. Leather can be tanned 
by the two-bath process in which a strong solution of synthetic 
tan is used in the reduction bath. 

Syntans. 

There has been the customary crop of patents^’ for the production 
of new synthetic tans, but they are all of the familiar type, being 
condensation products of aromatic substances with or without the 
addition of formaldehyde. There have bee^t several attempts to 
stimulate interest in syntans by scientific and technical articles 
describing their manufacture, use, and properties.^® W. Moeller^® 
has criticised the use of syntans as hydrolysing the pelt tissue. 

Reference^ was made tn last year’s report^® to the action of acids 
on hide powder, which Moeller considers to be first one of hydrolysis. 
AVhatever the ])r(‘lim inary action of acids, there is every indication 
from the practical use of acids in leather manufacture that prolonged 
contact of hides with dilute acids results in the hydrolysis of the 
hide substance or collagen. Proteins are amphoteric compounds, 
combining with cither acids or alkalis according to circumstances, 
but that does not preclude them from being decomposed by pro- 
longed contact with excess of acid. Moeller contends that syntans 
have a very strong hydrolytic action on the hide. Whereas 
vegetable tannins diminish the amount of hide substance dissolved 
as a result of h\*(lfolysis, synthetic tannins increase it. He urges 
the importanct' of o mig weak solutions of syntans and of thorough 
washing after tannage so that excess tannin qiay be remdved. 
H(‘ implies that the free sulphonic acids in the syntans have really 
a bating action, and even suggests that the bating can be curtailed 
or eliminated where skins are to be tanned with synthetic tans. 
In a later paper W. Moeller states that artificial tannins have 
only a slight prelifninary tanning effect, but they contain a large 
amount of free sulphonic acids which exercise a bating action. 

G.P. m028; ,7., 1921, 710 a. 

E.P. 1.55,887 ; J ., 1921, 123a. 
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Pure sulphonic acids were formerly recommended for bating. 
Renner u. Co. “ claim to Jorm quinones by oxidising the condensation 
I)roducts of aromatic substances and formaldehyde with different 
oxidising agents. • * 

Analysis. 

Lime Liquors. 

F. G. A. Enna®“ returns to the vexed question of the determination 
of alkali sulphides in lime liquors. Calcium polysulphides should 
be included in the estimation of sulphides. He discusses the 
formation of calcium polysulphidc and thiosulphate from calcium 
sulphydrate, and points out the necessity for any sulphide estimation 
including the former but not the thiosulphate. The method of 
estimation depends upon the action of a current of carbon dioxide 
through the liquor. #This separates the hydrogen sul])hide from its 
alkali salts, but does not affect the thiosulphates and amino-acids. 
The hydrogen sulphide liberated is collected in coi)per acetate 
solution, the cuprous sulphide filtered off, and the residual copper 
determined volumetrically. A blank titration of the copper 
acetate solution is also made and the difference is due to hydrogen 
sulphide only. J. A. Wyler®^ has worked out a schema for the 
determination of all the comtituents of sodium sulphide. The 
combined sulphide, thiosulphate, thiocyanate, and sulphite is 
determined by titration with iodine. The estimation of sulphite 
and thiosulphate is based on expelling the hydrogen sulphide by 
boiling the solution with magnesium chloride solution. Sodium 
carbonate is estimated by precipitating with barium chloride, 
treating the precipitate with an excess of A/l hydrochloric acid, 
and titrating back with A/1 soda. Sodium sulphate is determined 
by passing a stream of carbon dioxide through ’a solution of the 
sodium sulphide. The sulphur is filtered off and the sulphate in 
the ‘filtrate precipitated with barium chloride. 

« 

Bating Materials. » 

The increasing use of tryptic enzyme mixtures for bating skins 
has rendered imperative the testing of commei^iial samples offered 
for the purpose. A. W. Thomas^® suggests the determination of 
the tr 3 q)tic activity by allowing the enzyme preparation to act upon 
an alkaline solution of casein. Aliquot portions of the mixture are 
pipetted at intervals into an acid solution, the unchanged casein 
filtered off and the amount of dissolved nitrogen determined in 
the filtrate. Measurements are made for the same sample with 

« E.P. 146,166. 
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different times of digestion and compared with similar figures 
obtained with a ’standard material. 

'‘tannin Analysis. 

J. A. Wilson and E. J. Kern’s'^* prc^posed new method of tannin 
analysis has given leather chemists one of the rudest awakenings 
they have had for some time. Fortunately there is evidence 
forthcoming not only to confirm their previous faith in the official 
methods but also to strengthen it. Wilson and Kern found in a 
certain upper leather yard in which all ingoing extracts were 
analysed over a period of three years and in which a careful check 
was maintained on the composition of the outgoing leather, that 
the tannin sold in the leather only amounted to half the tannin 
which had been consumed as extract, where the tannin had been 
estimated the official methods, but the tanmn consumed and the 
tannin found in the leather were equivalent for all practical purposes 
where the tannin was estimated by their new method. It has 
been claimed that some tannins combine more loosely than others 
^vith hide substance and arc more easily removed by washing. 
J. A. Wilson and E. J. Kem” have investigated this claim by 
analysing gambier- tanned hide powder after 15, 25, and 50 washings, 
prepared by shaking a weighed amount of hide powder for 6 hrs. 
with a solution containing a weighed amount of gambier. After 
the repeated washings the tamied powder was dried and analysed 
to give the combined tannin which in turn provides the tannin 
content of the gambier according to the new method of analysis. 
The results were : After 15 washings, 7*87% tannin ; 25 washings, 
7-89%; 50 washings, 7-07%. These figures indicate that the 
number of washings has no material influence on the percentage 
of tannin found in vai unis materials by the new method, and, further, 
that tannin once cond)ined with hide cannot be washed out by any 
amount of washing that would be practical. Wilson and Kern 
evaporated solutions of non-tannins such as gallic acid, and showed 
that tanninsf were formed as demonstrated by their property of 
precipitating gelatin-salt solutions. The wash waters from the 
gambier analysis cit«:l above were concentrated to small bulk and 
yielded an extra quantity of tannin. Wilson and Kcm are of the 
opinion that the conversion of non-tannin into tannin irresponsible 
for the time factor in tanning and the “ ageing ”,of leather. 

G. W. Schultz and T. Blackadder dispute \^lson and Kern’s 
claim that a definite gompotnd is formed bet’ween tannin and 
collagen. They have shown that the finer particles of hide powder 

Ann. Repts., 1920, 6, 358, , 
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take up more tannin than the coarser particles and they are lost 
in washing. Schultz has confirmed these results and shown that 
the wash waters from hide powder tanned with chestnut extract 
contained an appreciable amount of tannin which could not have 
been formed from non-tannins since they were not concentrated, 
A solution of chestnut extract was diluted to the extent of the 
wash waters from the Wilson-Kern method of analysis and this 
dilute solution failed to give the tannin reaction with gelatin-salt 
reagent. After concentrating to small bulk and diluting again, 
however, the solution gave the tannin test. Schultz contends that 
the colloidal state of the tannin material influences the incidence 
or absence of a precipitate with the gelatin-salt reagent. The 
concentration of dilute solutions causes the tannins to aggregate 
and thus give a positive test with the gelatin-salt reagent. The 
amount of taimin estimated by Wilson and Kern’s method varies 
according to the amount of hide powder used for detannisation. 
There is no essential difference between the official method and the 
new method except that 15 washes remove some of the loosely 
combined tannin and give a lower tanhin result. The different 
methods are based on absorption. If Wilson and Kern’s assump- 
tions were correct the amount of absorbed matter after thorough 
washing would be independent of the amount of hide powder used. 
Three main factors influence the absori)tion of tannin by hide 
powder, viz. : — the amount of powder, the concentration of the 
tannin solution, and the volume of solution.. The official method 
of tannin analysis affords the maximum absorption of tannin. 
These arc the views of Schultz, and Wilson®® has subjected them 
to severe criticism. 

H. K. Procter,®^ in reviewing the subject of tannin analysis, 
contends that the discrepancies in analyses are attributable to 
several variable factors wffiich have been neglected somewhat in 
the past. There is no criterion of optical clearness and he cites 
instances of 5 or 6% of additional insolubles having been removed 
by repeated filtration. He implies that filtration by *the Berkefeld 
filter candle should be made compulsory, and in this particular he 
is supported by the w^ork of J. G. Parker ai^ J. T. Terrell, ®2 who 
have shown the superiority of the filter candle to filter paper for 
the determination of soluble matter in tanning extracts. Filter 
paper was shown to absorb soluble matter even when a considerable 
quantity (200c.'c.) was rejected before evaporating to dryness. 
Procter suggests that the acidity of solutions may influence the 
amount of insolubles and non-tans. He Vhinks that a great deal 

Ibid., 1921, 16, 349; J., 1921, 858a. 
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of research is needed before any definite conclusion can be drawn 
as to whether a Vjomplete separation of non-tans would give a 
truer picture of the practical value of any material. It is acknow- 
ledged that the present' method of tannin analysis is imperfect, 
but in the opinion of most it is a better guide to the value of tanning 
materials than the Wilson-Kem proposed method. 

There have been several papers on qualitative analysis of tannins, 
the most valuable of which deals with Indian tanning materials. 
W. R. Atkin and K. H. Hassan have tabulated the reactions of a 
number of these, and this work forms a valuable contribution to 
our knowledge. 

Leather Analysis. 

The most important change or development in leather chemistry 
is that at present taking place in leather analysis. The application 
of hydrogen-ion determinations to all branches of leather manufac- 
ture was referred to last year®'* but the changes in leather analysis 
had not then been made. The American leather chemists have 
carried out a series of very exhaustive investigations into the 
(piestion of the sampling of leather and its preparation for analysis,*® 
and they recommend that samples should be cut from the side, 
belly, shoulder, and butt as these are^the most divergent in compo- 
sition. These samples are subdivided by sawing or planing. 
M. P. Chambard,*® reporting on the work of a committee of the 
French section of the Society of Ijeather Trades’ Chemists, has 
been able to show that there ere zones of similar composition in 
the hide, and he suggests that samples should be cut from the 
juncture of the bend with the shoulder, as this represents fairly 
average composition of the whole side. He recommends that the 
sample be subdivid^l by rasping except for the nitrogen estimation, 
when it should he cut up with a knife or razor. 

The determination of the water-soluble matter in vegetable- 
tanned leathers is ^ matter of urgent importance, since it has been 
established that most leathers contain a large preponderance of 
'water-soluble matter. C. Schiaparelli®’ claims that the present 
method of determining water-soluble matter gives results which 
arc not comparable* with those of actual 'wear, and he contends 
that tests should be made by immersing whole soles in water for 
72 hours. The American chemists®* are very doubtful -whether the 
maximum amount of water-soluble matter is extracted at 45° C. — 
the present official temperature for the extr^'^tiofi of water-soluble 
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•" J. Amer* Leather Chem. Assoc.^ 1921, 16, 491 ; J., 1921, 8194, 
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matter from leather. A large amount of investigational work 
carried out in this country on the question of w'kter-soluble matter 
in leather has been communicated privately to the writer, and seems 
to indicate that 1 litre of percolate in 3 hoiirs at 45° 0. is insufficient. 
In several instances a further 4-0% was obtained by extracting 
a second 1000 c.c. 

It is proposed to change the solvent for extracting the grease 
from leathers and make chloroform official.®® The American 
ch('mists propose to adopt chloroform as the official solvent after 
the report of a committee to the effect that chloroform is probably 
the most reliable solvent for grease in leather. It has long been 
recognised that petroleum spirit is a very imperfect grease solvent. 
In the determination of unsaponifiable matter in the analysis of 
degras, the oxidised oils and fatty acids will not dissolve in petroleum 
spirit and alcohol is added to assist that solvent. There is no 
doubt that there arc many serious errors in the fat estimations 
which have been conducted on leather samples, and this new solvent 
will afford a great improvement. 

Slight improvements have been made in the Kjeldahl estimation 
of nitrogen in leathers. It is now recognised that ()’7 g. is insuffi- 
cient for accurate work, andJ. G. Parker’® and M. P. Chambard’^ 
recommend the use of 11-2^. The influenc^e of the atmospheric 
humidity in moisture determinations has led Ohambard to use 
covered vessels for that determination. The estimation of free 
sulphuric acid in leather’® is still a vexed problem which does not 
api)ear to {ipproach any definite solution. C. Immerheiser claims 
that his ether-sulphuric acid method estimates vith a fair degree 
of accuracy the amount of free sulphuric acid i)urposely added 
to the leather. T. P. Hou’^ has drawn attention to some errors 
in the sodium peroxide method of determination of chromium 
in. chrome-tanned leather which can be obviated by evaporating 
the sodium chfomate solution to small bulk to decompose any 
remaining peroxide. 

Theory of Tanning, etc. 

i' 

Chemistry of Tannins. 

K. Freud enberg’® and his pupils are carrying on the valuable 
work initiated by Emil Fischer. The tannins of the woods of the 

J. Soc. Leather Trades Chem.^ 1921,^5, 306.^ 

’« Ibid., 1921, 6, 304. 

’1 Ibid., 1921, 5, 313. 

.7. Amer. Leather Ghem. Assoc., 19^1, 16, 547. 

Collegium,<920, 465 ; J., 1921, 53a. Ibid., 1921, 132 ; J., 1921, 441a. 

J. Amer. Leather Ghem. Assoc., 1920, 15, 36V ; J., 1921, 231a. 

Ber., 1921, 64, 1205 ; J., 1921, 621a. 
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edible chestnut’® and native oak” have been shown to contain 
quercitin, glucose, and ellagic acid. Native oak tannin has been 
jjurified and hydrolysed into ellagic acid, quercitin diglucoside, 
and 50% of a rich orange-yellow tannin substance the nature of 
which remains to be determined. Freudenberg’® has summarised 
the work of Emil Fischer on depsides and tannins and describes 
how gallotannic acid, glucogallin, and fully-methylated gallotannic 
acid were synthesised. One of Fischer’s methods of synthesis 
for the pr(‘paration of partially acet 3 dated glucose derivatives 
consisted in combining two molecules of acetone with one of dextrose 
to form a diacetoneglucose. The free hydrox^d grou}) was combined 
with an acid chloride and the acetone was s})lit off one molecule 
at a time. The most recent developments in tannin investigation 
are along the lines of analysis by means of tannase which has been 
used b}^ Fischer, Freudenberg, and Vollbrecht^’** 

Chemistry of Hide and Gelatin. 

J. Loeb has shown that the amount of any ion entering into 
(jombination with a protein, depends on the hydrion concentration 
of the i)rotein, and therefore the ratios in which diffd’cnt ions 
combine with proUnns must be com])ared for the same hydrion 
concenti'ations. This dispost's of the Hofmeister series of ion 
effects. Gelatin is isoelectric at 4-7. At a 2>ji>4-7 it can 
combine with cations only, at a^>„<x 4-7 it can combine with anions. 
The quantity of anion or cation in combination with tlu‘- protein 
is a function of p,i. Acids and bases combine with proteins in 
th(^ same way as tliey combine with crystalline compounds, by the 
forces of primary valency, and in this respect he states that the 
chemistry of colloids in no waj^ differs from the chemistry of 
crystalloids. Tl;e of general and x>by«it*al chemistrj^ Xnovide 
a (juantitative tlieorN' not only of the chemical behaviour of proteins 
but also of some of tlu* piysical properties. In further work, 
Loeb has shown thfLt at the same the effect of ions on swelling, 
osmotic pressure, and viscosity ot gelatin depends only on the 
sign and valency of the ions, and univalent ions of the same sign 
have practically the lamc effect. 

W. R. Atkin has described various curves obtained for the 
swelling of hide by alkalis and other materials used in the liming 
process. Weighed quantities of hide powder were treated with 
alkaline solutions of varying strengths, and allowed to stand for 

Ibid., 1921, 54, 1G95I; J., 1*L21, 781a. 

Naturwiss., 1920, 8, 905. 

Collegium, 1921, 10 ; J., 1921, :U2a. 

CJ. Collegiwm, 1921, 468 ; J„ 1922, 67a. 

J. Soc. Leather Trades Chem., 1921, 5. 137 ; J. Gen?Physiol., 1921, 3, 
391, 557 ; J., 1921, 314a. * * 

J. Soc. Leather Trades Chetn., 1921, 5, 306. 
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2 hrs. to settle, after which the volume of hide poTvder was measured 
in a burette. This is suggested as a works method of limeyard 
control. It was found that the additic^n of salt up to certain 
proportions increased the swelling in the limes. 

G. Crasser finds that organic acids behave very similarly in 
regard to their swelling effects on pelt, whilst A. A. Claflin®=* obtains 
greater plumping power with lactic acid. There have been sugges- 
tions for adopting Claflin’s method of measuring the plumping 
power of a tanning solution. It consists in shal^g 5 g. of hide 
powder with 200 c.c. of the solution, allowing to stand 24 hrs., 
filtering through a cotton cloth without squeezing, draining 
completely and measuring the volume of filtrate obtained. 
The less filtrate obtained the greaU‘r the plumj)ing power 
of the solution. G. D. McLaughlin*^ has obtained most 
swelling on fresh Hide, with organic acids at a concentration 
greater than A/20. Additional swelling was obtained by 
further soaking in lactic acid. He warns tanners against the 
use of salts of heavy metals for curing or disinfection since these 
salts very much repress the swelling. The rapid changes occurring 
in the hide after the animal’s death have already been referred to. 

W. Moeller*® emphasises the importance to the theory of tanning 
of the part played by ammonia. Hide powder gives up 1*56% of 
ammonia when distilled with potash and it contains 0'75% of 
hydrolysed protein which contains 3% of ammonia. Ammonia 
hydrolyses pelt to a less extent than calcium or sodium h}'droxides. 

Chrome Liquors, Chrome Tanning, ek\ 

Carbon dioxide functions as an acid in a chrome liquor so that 
the addition of acid to the boiling liquor in the basfcity determination 
is in error. D. Burton and A. M. Hey** propose to obviate this 
errbr by running the A/2 alkali into the cold, diluted chrome liquor 
in presence of phenolphthalein, and that the addition should be 
continued during the period of heating up to the boiling point and 
then until the pink colour persists after boiling for 1 min. L. 
Meunier^^ concludes from some experiments on Jhe action of sodium 
carbonate on solutions of chrome alum that solutions of chrome 
alum not only undergo hydrolysis but also that the basic chromium 
salts polymesrise with increase in time and temperature ; further, 
that the neutralisation of the sulphuric acid by the sodium carbonate 
is accompanied bji setting free carbopic acid which is more or less 

I 

“ Collegium, 1920, 353, 405, 456, 512 ; J., 1921, 154a. 

** J. Amer. Leather Chem. Assoc., 1920, 15, 234 ; J., 1921, 230a. 

Ibid., 1921, 16, 295 ; J., 1921, 669>f. 

** Collegium, 1921, 265 ; J., 1921, 664a. 

** J. Soc. Leather^Trades Chem,, 1920, i, 272 ; J., 1921, ?9a. 

^ Le Cuir, 1921, 10, 84. 
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eliminated by heating and* agitation. The appearance of a precipi- 
tate results from the action of sodium carbonate both as a neutralis- 
ing agent and as a coagulating agent of the colloidal solution of 
chromium hydroxide or of the polymerised chromium salts. D. 
Burton®® has made a theoretical study of the mechanism of the 
neutral salt effect in chrome tanning and suggests that the effect 
of neutral salts on chrome tanning liquors is to (lecelerate the 
penetration of the chromium compounds by a blockading action 
of the neutral salt. The combined action of the acid and salt will 
cause a change in the swelling. Neutral salts cause more acid 
to be taken up by the pelt, and therefore a more basic chromium 
salt w'ill rtunain in the tanning liquo]’. Tlie more basic a chromium 
salt the lower its rate of diffusion and the more slowly will the 
pelt be penetrated by the chromium compounds. This has been 
demonstrated in practice. Used chrome taifliing liquors do not 
tan as quickly as fresh liquors, and if the liquor has been used 
several times then the accumulation of salts seriously I’etards the 
tanning process. In cc'llaboration with A. CIovcm’,®" the same 
author has attempted to determine the inlluence of lu^uti’al salts 
on the absorption of the acid and chromium from (brome tanning 
solutions by gelatin. Neutral salts decrease the diffusion of tlu^ 
chromium into gelatin and the order* of retardation is the same as 
that of the degrees of hydration. Neutral chlorides cause an 
increase in the amount of acid absorbed, whereas sulphates cause a 
decrease. The importance of these results will be r(‘alised since 
sodium chloride is often used in chrome tanning li(|uoi s and neutral 
chlorides or sulphates, or both, are always i>resent. E. Griliches®® 
considered that chromium salts sjilit up into a basic poi tion and a 
chromo-sulphuric add. E. Stiasny®^ contests this view and asserts 
that they hydrcjyse into a basic chromium salt and free sulphuric 
acid. In the early stages of chromt‘. tanning there is a greater 
absorption of the free acid, in the later stagt‘s aif increasing and 
finally preiionderant absorption of the basic jiortion. Griliches®^ 
has replied 'to Stiasny but has not brought forv^ard any fresh 
facts. 

The analysis of ihromc tanning liquors has received more 
attention than usual. W. Klaber®® suggested a new method of 
expressing basicity nearly two years ago, and therq have been 
several fresh suggestions since then by E. Griliches®^ who thinks 
that in Cr : 804=52-1 : X, X should be termed, the acidity. K. 

®* J. Soc. Leather Trades Chem., 1921, 5, 183, 192 ; J., 1921, 6C9a. 

““ Jbid., 1921, 6 , 187 ; J., 1921, G69a. 

Ann. Repts., 1920, 6, 367. 

" Collegium, 1920, 479 ; J., 1921, 53a. 

•* Ibid., 1921, 127 ; J,, 1921, 441a. 

•* J. Aimr.jLieather Chem. Aasoc., 1919, 14, 622. 

•* Collegium, 1921, 127 ; J., 1921, 441a. 



400 


REPORTS OF THE PROGRESS 0|f APPLIED CHEMISTRY. 

Schorlemmer®® suggests that the basicity should be expressed as 
the percentage of chromium fully saturated with hydroxyl groups. 
G. Crasser has plotted the basicity^ expressed according to 
Schorlemmer’s method against the tanning intensity and finds a 
maximum for the salt Cr 4 (S 04 ) 3 ( 0 H) 6 . A rapid method of 
determining the chromium in a chrome tanning liquor has been 
devised by A. W. Thomas and M. W. Kelly®’ in which an immersion 
refractometer is used and the readings compared with tables 
compiled from pure solutions of known strength. B. B. Dhavalc 
and 8. R. Das®** observed last year that the end-point of the alkali- 
metric titration of chrome tanning liquors for acidity according to 
the Procter-McC.^andlish method was influenised by temperature 
and the rate at which the alkali was run in. Additions of sodium 
chloride caused a marked increase in the acidity and they recom- 
mended the addition of 49 g. or more of pure sodium chloride in 
that alkalimetric titration, using 400 c.c. of dilut(‘d lic^uor containing 
0*1747 g. of chromium. A. W. Thomas and 8. B. Foster®® have 
confirmed these experiments and think that 50 g. of sodium chloride 
would bo enough. J. E. Pickering^®® finds difficulty in the deter-, 
mination of th(^ basicity of chrome tanning liquors in dark weather 
and proposes the use of the following procedure. Tin* alkalimetric 
titration is carried out in a beaker placed on a v hite til(‘ immediately 
behind which is a “ hah-watt ” lamp, covered with an ojial shade, 
so arranged that the rays of light strike upwards tlirough the liquor. 
The titration is continued until the liquid assumi's a yellowish-pink 
colour. 

K. Schorlemmer ^®^ finds that the use of commercial hydrochloric 
acid containing more than 0*()015% of arsenic is uneconomical in 
the reduction bath of the two-bath chrome tanning jiroccss. The 
action of hydrochloric acid on sodium thiosul])hate solutions is tv^o- 
fold. Thiosulphuric acid may be liberated and immediately 
decompose into sulphurous acid and free sulphur, or the thiosulphate 
may polymerise and form sodium pentathionate' : — 

(1) Na2S2034-2HCl-2NaCHH2S03-fS. 

(2) SNa^SaQa +6HC1- 2Na2S,Oe +6NaCl + 3 H 2 O. 

According to Schorlemmer the presence of ^>rsenic in the hydro- 
chloric acid catalyses the second reaction, and thus the reduction 
is impeded or it may be prevented altogether. More acid is required 
to effect the reduction. It is probable that Stiasny will contest 
this view since He has already, in conjunction with S. R. Das, 
•"i Ibid., 1920, 530 ; J., 192 J, 155a. " 

®« Ibid., 1921, 319 ; J., 1921, 669a. 

J. Amer. Leather Chem. Assoc., 1920, 15, 620 ; J., 1921, 481a. 

J. Soc. Leather Trades' Chem., 1920, 4, 225 ; J., 1920, 758a. 

®® J. Amer. Lather Cliem. Assoc., 1921, 16, 61 ; J., 1921, 441a. 

* 1 ®® J. Soc. Leather Trades^ Chem., 1921; 5, 17?’; J., 1921, 669a. 

Collegium, 19^, 430 ; J., 1922, 24a. 
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advanced a different theory as to the action of the acid and thio- 
sulphate in the reduction hath. 

Glue, etc. 

There is not mucli to report in this section although there are 
signs of scientific activity in this branch of the industry. The 
glue and gelatin manufacturers are apparently alive to the need 
for the application of science their trade judging by the adver- 
tis('ments in the trade Press. They are very anxious to have fully 
qualified practical chemists in charge of their plants or assisting in 
controlling the manufacture. Sev(^ral 2 >atent 8 have been granted 
for fresh methods of and api)aratus for extracting glue and gelatin 
from the usual material,^®- fish refuscL^®^ Vegtdablc glues, prepared 
by the action of alkali on starch, are described by E. Stern, and 
also in patents granted to The Perkins Glue The testing of 

glues has j)rovided more scope for scientific work, and I). R. 
Fraser^®® has worked out a test for conq)iiring the tensile strengths 
of glues : 25 g. of glue is dissolved in 100 c.c. of water and 0 3 c.c. 
of the solution is cmploybd in gluing together two halves of a pitch- 
})in(^ bri(iuette, which are imlled ai)art in a machine after the glue 
has had 24 hrs. to set. A good glue has a tensile strength of over 
300 It), })er sq. in. • 

S. E. Shepi)ard and 8. S. Sweep®’ have measured the modulus , 
of rigidity of gelatin jellies under torsion and find it to follow 
Hookt' s law nearly to the breaking ijoint, the elastic limit nearly 
coinciding with tlie tenacity. The elasticity is not a simple function 
of the hy(lrog(‘n-ion concentration in the case of acid jellies. Alcohol 
and glycerol increase the jelly strength uj) to a certain strength. 
In another communication, the same authors’®® describe a device 
to detcTinine the S^erting and melting points of gelatin. A stream 
of air bubliles, imder constant pressure, is passed through the 
gelatin solution which is cooled with ice-water. A thermometer is 
immersed in the solution with its bulb adjacent to the air inlet, and 
the temperature at which the bubbles cease to pass is taken as the 
setting point. After sufficient under-cooling the jelly is heated 
gradually, and the noint at which the bubbles again pass is taken 
as the melting point. 

A. Gutbier, E. Sauer, and M. Brintzinger’®® describe a method for 
determining the sulphurous acid in bone glue and leather glue. 

U.s.p. 1,364,904 ; J., 1921, 155a. G.P. 337,178*; J., 1921, 632a. 

E.P. 155,863 ; 1921, Jf?lA. 

J. prakL Chem., 1 S 2 O, 101, 308 ; J., 1921, 234a. 

U.S.P. 1,378,078 and 1,378,105-6; J., 1921, 670a. 

Analyst, 1921, 46, 284 ; J., 1921, 632a. 

J. Amer. Chem. iSoc., 1921, 43, 539 ; J., 1921, 313.te. 

J. Ind. Eng. Ched., 1921 f 13, 423 ; J., 1921, 554a. 

Kolloid^eits., 1921, 29, 130; J., 1921, 709a. 
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The total acid in bone glue is titrated with N 1 10 sodium hydroxide 
solution. The sulphurous acid, which is all free, is titrated with 
iV/10 iodine solution. Leather glue contains its sulphurous acid 
combined, and it also may contain formaldt^hyde. The glue solution 
is acidified with phosphoric acid and distilled in a current of steam 
and carbon dioxide, the vapours being passed into iodine solution. 
V. Froboese^^® has modified the Haas method of distilling over 
sulphurous acid. He distils it into a known quantity of sodium 
bicarbonate solution, oxidises it to sulphuric acid with hydrogen 
peroxide, and titrates the excess of alkali with hydrochloric acid 
in presence of methyl orange. 

W. M. Clark and his collaborators'^^ have described the prepara 
tion of high-grade casein by heating skimmed milk to 93“ F. (34° C. ) 
and adding dilute hydrochloric acid. R. H. Shaw”^ has worked out 
methods of analysis of casein for moisture, ash, sugar, phosphorus, 
and cakiium. Numerous jiatents involve the use of casein for the 
production of plastic cements or hardening materials."'** 

1*® (Jhcni. Zvntr., 1921, 92, IV., 225 ; J., J921, G41a. 

111 J. TnrJ. Eng. Chem.., 1920, 12, 1163 ; J., 1921, .5:U. 

112 Ibid.. 1920, 12, 1168 ; J., 1921, 53a. 

112 U.S.P. 1,360,356 ; J., 1921, 53a. E.P. 169,405, J.. 1*921, 782a. 
U.S.P. 1,391,768-770; J., 1921, 824}a, 
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SOILS ‘AND FERTILISERS. 

By E. J. Russell, F.R.S., 

Director oj tho l{olliaAt?,teil Exjxirlment Station. 

As in previous years, tije Report deals with the aspects of agi icultural 
chemistry directly affecting the chemist concerned with farmers’ 
or manufactureis’ problems ; it does not attempt to treat the 
more academic aspects of the subject, these being discussed in the 
Report to the (yhimiical Society. In the present account attention 
will be directed mainly to the work on fertilisers and on soils : 
feeding stuffs and dairy produce are dealt with in the section 
on Foods. 

The past year has seen most of the British Agricultural Research 
Stations settle down to post-war conditions and there has been a 
significant pronouncement by the Minister of Agriculture empha- 
sising “ the determination of the Government to pursue the policy 
of education and research as the^ most permanent method of 
improving agriculture,” and further pointing out that “even 
in these times of financial distress when every item of national 
expenditure is being closely overhauled it set aside a further 
provision of funds for these puiposes.” This pronouncement w^as 
not only accepted without demur by farmers, but w^as hi no way 
in advance of the attitude taken up by their very comprehensive 
National Farmers’ Union, who consented to forego the promised 
subsidy for corn condition that a sum of £1,000,000 was set 
asid(‘ for research tuid education, particular stress being laid on 
research. Coming as this did from the farmers ^themselves ih a 
time of financial ^depression, it affords convincing proof of the 
progressive spirit now abroad in the countryside and of a readiness 
to co-opera{c with men of science, which had long been patent 
to close observers, but has not hitherto been so publicly 
demonstrated. • 

The Research Stations now established in Great Britain are : — 
Rothamsted ; Soils, plant nutrition, and plani pathology. 
Cambridge : Plant breeding, animal nutiition. 

Oxford : Agricultural economics. • 

Imperial Collegf, South Kensington : Plant physiology. 
Reading : Dairy. 

East Mailing, Kent : Soft fruit. 

Long Ashton, Bristol : TSard fruit and cider* 

Aberystwyth : Plant breeding for wet climates. 

Aberdeen : Animal nutrition, 
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with smaller stations at Cheshunt and aft Ormskirk for the glass- 
house industry and for potatoes respectively.^ 

In addition to these an important private experimental station 
has been set up by the Olympia Agrifcultural Co., under the 
chairrnanshii) of Mr. Joseph Watson, of which Professor C. Crowtlier 
has been induced to accept' the Directorship. He has gathered 
at Offchurch an able staff, including Messrs. (1 T. Gimingham, 
H. Hunter, F. H. Billington, E. Paul, R. H. Carter, and others, 
and he has the advantage possessed by no other station of having 
no fewer than six large estates in difft'nmt parts of the (country, 
on which experimental work can be carried out. A first report 
has already been published covering the period April, 1919 — 
June, 1921 it deals with the soils of the estates, with plant 
breeding, and with rations for cattle. The research programme 
is planned on geinfrous lines and useful results may certainly 
be expected. 

Fkrtili.sers. 

The past season saw a steep fall in j)rrces of farm produce and 
few farmers would come out of it without financial loss^ — in some 
cases serious loss. This means, of course^ (‘iiforecd economy in 
every direction, and in spite of the great reduction in price of 
fertilisers it is doubtful whether the war level of consumption 
will be maintained. When the transition period is over, however, 
it is ho])ed that farmers will once more Ix^ in a position to farm 
intensively, and in the meantime much valuable information is 
being gh^aned w hich is helpful now and will prove of great assistance 
when better times come. 

An interesting summary of the statistics of consumption of 
fertilisers before and after the war is given by H. J. Bailey.'*^ 
Supplies of phos])hates and of nitrogenous fertilisers increased 
during the war,, as also did the productive capacity of the works. 
Fear of fertiliser shortage seems to be banished* indcjfinitely. 

N itrogen mis Fertilisers . 

Synthetic nitrogenous fertilisers continue to^ attract much atten- 
tion, and a summary of their agricultural properties has been 
issued. ^ 

In regard to supplies, a statistical supplement to the Report 
of the Nitrogen 'Products Committee has been issued, bringing 
the tables up to the end of 1920. This publication gives the best 

I 

^ For an account of these Stations and their work see the very interesting 
lOth Report of the Develojmient Commissiotiy 1920. H.M. Stationery Office. 
28 . 

2 Olympia Agricultural Co., Ltd.y Research Dept.y Isf Annual Report, 1921. 
■ ** J., 1921, 246r.' 

^ E. J. Russell, J, Min. Agric., 1921, 27, 1037. 
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available statistical information.® It is unnecessary to go into 
details of the various coiftitries : reference will be made only to 
Great Britain and Gcrijiany. The English company (Synthetic 
Ammonia and Nitrates, Ltd.) is now working a semi-large scale 
plant producing 1 ton of ammonia p«r day, soon to be increased 
to 2 tons.® Another company intends to erect a w orks in Cumber- 
land with an initial output of 50,000 ions of sulphate of ammonia 
per annum, using the (Jlaude process.’ 

Descriptions have been published of the Haber process, as 
operated at Merseburg (Saxony),® where the works when com- 
pleted will have a ca];)acity of 800 tons NH3 pi^r da}' ; of the ammonia 
oxidation process carried out at Hoehst® ; and the processes used 
at the ill-fated Oppau w'orks.’® The German production, wLcn 
the ])lant is fully working, is estimated'* at 50(^,000 tons of nitrogen 
})er annum, of w'hich 300,000 is from synthetic ammonia, 100,000 
from cyanamidc (not necessarily used as such, but partly converted 
into other substances), and 100,000 from gas and coke-oven plants. 
Many attempts have bc'eh made to utilises ammonium nitrate. The 
dilliculties in regard to its hygroscopic nature were dealt with 
by admixture with various substances which it was ho])ed would 
not only overcome the hygroscopicit*}' but would entirely destroy 
the explosive proi)crties of the nitrate. A typical example is 
as follows : a hot, concentrated solution of ammonium nitrate 
is mixed with hot potassium chloride or other fertiliser salt ; inter- 
action ensues, and after evapoiation a dry cake is finally obtained 
which can be milled. Other German iiatents have been taken 
out, the purpose or advantage of which it is not easy to aeoP 
A number of the German patents d(‘alt with the preparation 
of a non-explosiv^ f'U’tiliser''* from ammonium nitj’atc, but in 
view of what has smee happened at Opjiaid® they must be regarded 
with suspicion. 

It seems improbable that ammonium nitrate will play any 
important part as a fertiliser in our time, though it has valuable 
properties and has been used with advantage m this country.^® 

® J ., 1921, 28;") H. 

“ J ., 1921, 240k. 

’ J. H. West, ,/., 1921, 240k. 

® J. R. Partington, J., 1921, 144k. 

" J., 1921, 185k. 

■ J. R. Partington, J., 1921, V»r. 

J., 1921, 237r. • 

Badische Anilin u. Soda Fubr., E.P. 145,036; J., 1921, 443a. Also 
Akt.-Gos. fur Anilin -Fabr., E.P. 146^259 and 145,582 ; J., 1921, 232a. 

CJ , J., 1921, 315a. 

E.g., G.P. 336,876 ; *J., 192i, 596 a. 

J., 1921, 981e. 

1 ® E. J. Russell, J. Min. Agric., 1919, 26, 1332 
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German opinion is now in favour of urea ,as a nitrogenous 
fertiliser ; it is concentrated and therefore economical of transport ; 
it has no harmful effects in the soil, or, *sp far as can be seen, on 
crops, even when applied in excessive quantities.’’ A number of 
patents have been taken ouk for utilising this substan(;e in mixed 
fertilisers,^® and a method of estimation has been based on its 
reaction with oxalic acid.'® 

From the manufacturer’s point of view there is something to 
be said for the production of ammonium chloride, as this can be 
combined with the ordinary ammonia-soda proc(*ss for preparing 
alkali. Instead of employing the same ammonia over and over 
again, new supplies of synthetically prepared ammonia arc used 
and ammonium chloride obtained as a yiroduct.-® it is claimed 
to be a further advantage to oxidise part of the ammonia and 
absorb the nitrogen* oxides by the sodium bicarbonate. Further 
details of the method have also been patented.-" l^he fertiliscT 
tests with ammonium chloride are not yet conijyleted. 

Ammonium bicarbonate could no doubt be ]) repared on th(‘ 
large scale if it were found suitable. It has the advantage of 
leaving no acid residue in the soil, but against this is. to be set- 
the serious defect that it is volatile and thendore subji^ct to loss. 
To prevent or reduce the loss the proposal is made that it should 
be mixed with 5-10% of anliydrous sodium sulphate or 10% of 
magnesium sulphate.®^ 

The standard ammoniacal fertiliser is, however, sulphate of 
ammonia. The usual grade as mtwle by good firms is guaranteed 
to contain 25i% of NHg, but a little free acid is i)rescnt which 
interferes with the removal of the last fraction of moisture. A 
“ neutral ” form is now being produced which can be better dried, 
and therefore assumes a more friable conditi(m — a great advantage 
from the farmer’s point of view as it facilitates spreading. Further, 
in absence of acid the bags are not rotted. The removal of water 
raises the ammonia content and a guarantee of 25 J% is given. 
The details of the manufacture at the South Metropolitan (3 as 
Works*® and at Bedford** are published. 

Field experiments show that the fertiliser* value of cyanamide 
is not quite as high as that of ammonia or of nitiutt'. One cause 
of this is the presence of dicyanodiamide, which is toxic to plants 
and certain mic^o-organisms. Unfortunately the conversion of 

« J., 1921, 237r. 

“ J., 1921, 782a. 

19 E. B. Johnson, J., 1921, 126t. 

2® Badische Anilin u. Soda-Fabrik, E.P. 144,659 ; J., 1921, 522a. 

21 Badische 4nilin u. Soda-Fabrik, E'.P. 145,038 ; J., 1921, 782a. 

’*2 Badische Anilin u. Soda-Fabrik, G.p. 310,055 ; J., 1920, 233a. 

» E. V. Evans, Gas J., 1920, 162, 615 ; J., 1921, 3a. • 

J. B. Hansford, Gas World, 1921, 76, 243 ; J., 1921, 733a. 
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cyanamide to dicyanodiamide appears to be facilitated by the 
presence of ordinary superphosphate, although it seems that the 
reaction proceeds only in presence of moisture : a dry cyanamide 
is said to be unaffected by dry superphosphate.^® 

A method for estimating dicyanpdiamide in cyanamide and 
mixed fertilisers has been devised, based on the fact that dicyano- 
diamidc is precipitated by silver picrate, whilst cyanamide and 
urea are not.^® The effectiveness of cyanamide is said to Ix) 
increased when mixed with the soil disinfectant '' Humus*earbo- 
lineum,” prepared from lignite,-*’ though the reason of this is 
not quite clear. 

Pliosphaies. 

The chief phosphatic manures are superphosphate, basic slag, 
mineral phosphates, and bones. * 

Superphosphate is used to a larger extent than the others. Two 
interesting papers have appeared this year — one by W. Packard,-** 
describing the various ruineral phosphates used in the manufacture 
and giving much useful information not easily obtainable else- 
where ; the other dealing with the phenomena of “ reversion.” 
This term is used to denote the change from soluble to insoluble 
phosphate occurring under certain circumstances, especially when 
iron and alumina are present. It appears that the effect of these 
two metals is not ajipreciable when they occur as sulphates, but 
it becomes very marked if sufficient of the oxides remains as such 
and escapes conversion into sulphates.*** 

Instead of sulphuric acid it has been suggested to use nitric 
acid for the manufacture of superphosphate. Raw phosphate is 
mixed with finely ground potassium sulphate and treated with 
nitric acid, this 's tiicn dried and ground : the mixture consists 
of monocalcium phosphate, potassium nitrate, and gypsum, «nd 
is claimed to be non-deliquesccnt.*® 

Basic slag is used to a less extent than superphosphate, partly 
because it is slower in action and therefore less suitable in the 
Eastern counties, and partly because it is only a by-product in 
the manufacture o^ steel and therefore its output is limited. At 
the present time the demand is greater than the supply : no less 
than 15,769 tons was imported during the six months ending 

R. N. Harger, J. Ind. Eng. C/ww., 1920, 12, Uli ; J., 1921, 93a. 

**® E. B. Johnson, J., 1921,j|^125t ; also J. hid. Eng. Cheni., 1921, 13, 
533. R. N. Harger, J. M. Eng. Chart., 1920, 12, 1107 ; J., 1921, 92a. 

M. Popp, Dmtfi. Landtv. Presse, 1920, 90, 617 ; J., 1921, 522a. 

**« J., 1921, 288b, 304r. 

** B. Neumann and K. KleJ^lein, Z. angew. Chem.^ld2l, 84, 77 ; J,, 
1921, 271a. 

Chem. Eabr, Rhenania, and G. A. Voerkelius, E.P. 148,242 ; J , 
1921, 782a. 



408 HEl’OKTS OF THE FROORESS OIJ^APFLIED (JUEMISTRY. 

March 31st, 1921.^^ But it plays so important part in British 
agriculture that the Ministry of Agriculture has set up a Committee 
to deal with problems connected with the, material. Recognising 
that the output cannot be increased, the Committee has discussed 
the possibility of cnrichmeut. Addition of mineral phosphates 
in the ladle was unsatisfactory, the change in the mineral being too 
slight to justify the process. The Committee is considering the 
possibility of utilising iron ore containing more phos])horus and 
of introducing into the blast-furnace the lowest grade of slag.'*- 
The most important problem now is to discover whether any 
relationship can be traced between the fertiliser value of the slag 
and the solubility of the phosphate in some chcmiical reagent 
such as a 2% solution of citric acid. The basic open-hearth slags 
form by far the large^st portion of the supply, but their solubility 
in this reagent varies from 20% or less to 90% of the total phosi)hate 
present, according as fluorspar is or is not added in the furnace. 
On the chemical side F. Bainbridgc finds that calcium ])hos- 
phates become insoluble on fusion with fluorspar and concludes 
that apatite, 3 Ca 3 (P 04 ) 2 ,CaF 2 , is formed in ofu'n-lu'aith slags ; 
wh.le in soluble slag the constituent is silieo-carnotitc, 
Ca 3 (P 04 ) 2 ,Ca 2 Si 04 , which car) be obtained by fusing dicalcium 
silicate with tricalcium phosphate, and is completely soluble in 
citric acid. The result of re-fusing a slag without addition of 
lime is to increase considerably the solubility of the slag.'*'* 

On the field side, however, comparison of various slags on grass- 
land showed less difference than was indicated by their solubilities : 
a slag of 45% solubility giving approximately as good a result 
as one of 90% solubility. Below 45% the results were not so 
good.'*^ There appears, however, to be some difference in the 
crop ; Bainbridge found that insoluble slag gave better results in 
pot experiments .when ap];)lied in autumn than in spring ; but 
while it increased the crop, it did not increase* the phosphorous 
content of the grain and the straw as did the soluble slag. 

There is the possibility also of differences of action in the soil. 
Slag produces a striking improvement in grassland but its effect 
does not end here. When the grass is subsequently ploughed up 
and converted into arable a marked gam in fertility is revealed. 
In the Suffolk'experiments there was not only an important increase 
in live weight of stteep grazing on the slagged plots in comparison 
with those on the \inslagged land duaing the eight years of grass 
husbandry, but at the end of the period the slagged plots contained 

' *1 J., 1921, 153r. 

J. Min, Agri^., Sept., 1921 ; J., 1921, 371r. 

Bainbridge, Iron and Steel Inat., Qamegie' Schol. Mem.^ 1920; J , 
1921, 124a, See also i'rans. Faraday Soc.^ 1920, 16, 302 ; J.i 1921, 156a. 

G. Scott Robertson, Trans. Faraday Soc.f 1920, 16, 291 ; J., 1921, 166a. 
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500 lb. of nitrogen per a(5re in each of the top and second 9 in. 
of soil. On ploughing uj), the additional fertility of the slagged 
plots showed itself in incr^iased yields of peas, wheat, and beans. 

It is not known how this subsequent effect is related to the solubility 
in citric acid. In view, however, of the rather exiguous nature of the 
connexion between effectiveness and citric acid solubility it has been 
again argued that carbon dioxide should be used as solvent instead 
of citric acid in assessing the value of phosphatic fertilisers.^® 
Ground mineral phosphates arc much usc^d in the United States, 
and there seems some reason to exjject that they will come into 
use in this country also. Present supplies come mainly from the 
United States and from North Africa^’ ; important deposits appear 
also to exist in Palestine.^® Much discussion has gone on in this 
country in legard to Nauru phosphate, extended analyses of which 
have been published.®® 

Purthcr, a phosphatic guano containing 29 5% P^Og has been 
found on Latham Island, near Zanzibar.*^® Various other deposits 
have been recorded. Hitheito the mineral phosphate has been 
either tix'ated with sulphuric acid to convert it into supeiphosphate 
or ground finely and ap 2 )lied direct to the land. Investigators 
continue to seek for other methods^ of rendering the phosphate 
soluble, one of the favourite devices being the use of micro- 
organisms. In some experiments the rock phosphate is mixed 
with plant residues, in the hope that the acids produced during 
the de(jay of organic matter will attack and dissolve the phosphate. 
Several investigators, however, have shovn that no increase of 
solubility occurs under these conditions, and it is now suggested*^ 
in explanation that the bases liberated during the decomposition 
fully neutralise tlu'^eids and prevent their action on rock phos^diate. 
In pi esence of ^oil (iifferent results may be obtained because soil 
has the capacity for absorbing basic material. It is also suggested 
that the addition pf sulphur to the mixture would increase its 
acidity and thus facilitate the solution of jihosphate.^® As the 
oxidation is largely biological it is considered desirable to ensure 
the presence of the necessary micro-organisms ; this is done by 
inoculation.^® One df the most surprising results, if it is substanti- 

A. W. Oldeirtiaw, J. Aijrk. >SV/., 1921, 11, 287 ; 1921, 743a. 

H. Hiickl, Chem.-7A’H., 1921, 45, 730 ; 1921, 032a. 

See 1921, 194k. 

W. Packard, J., 1921, 288 f^ 

T. Steel, J., 1921, 5§t, 17St. 

Bull. Imp. Inst., 1920, 18, 2 ; J., 1921, 90k. 

“ F. C. Bauer, Boil Sci., 1921, 12, 21 ; J., 1921, 8G1a. 

« W. E. Tottingham and E. H. Hart, Boil BcL, 1921, 11, 49 ; J., 1921, 
232a. 

W. H. Martin, Soil Sci., 1921, 11,75 — 86. J. (J. Lipnian, A. W. Blair, 
and C. S. Beckwith, H, 87 ; J., 1921, 232a. 
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ated, is said to be obtained with yeast, when a hi^>;h degree of action 
resulted.*^ Less sensational, but probably no less useful, results 
are obtained by heating or calcining th,e rock phosj)hate.‘^® The 
so-called Rhenania jihosphate is made by Heating low-grade mineral 
phosphate rich in carbonate with phonolith, a potassium double 
silicate. It is claimed that the potash becomes available and 
that the ])hosphate becomes equivalent to that in ])asic slag.'*® 

Fotdssic Fertilisers. 

Prior to the war the whole of the potash su])ply of the world 
came from Germany, but durmg the w'ar other soui’ces were opened 
up. Som(^ of thes(5 have not survived the searching test of peace 
conditions, and it remains to be seen how' long the others will last. 
Germany still retains the largest deposits ; it is (‘stimatod that for 
every ton of solubk*. potash salts in the Ihiited States there are 
10 tons ill France and 0000 tons in Germany, whili‘ the estimated 
ju’oductive capacities are'*’ : — (Germany, 3,850,000 tons ; France, 
250,000 tons ; United States, S0,CK)0 short t()ns(Ki.O). 

The German diqiosits are situated in Central Gei niany ; 80% of 
the w orkable potash lies at a depth of some 1200 metres, a furthei’ 
10% at 1500 metres ; deposits below 1700 metres are not worked. 
In 1920 the prc-w'ar level of output was almost reached, but sales 
had fallen from 5 2 million tons in 1913 to 4'3 million tons in 1920, 
the export trade being particularly affected.^® 'Tlu' Alsaci^ deposits, 
however, are of great importance and definitely serve to bi’eak the 
German monopoly. The Alsatian mines cover an area of 180 
sq. km. and could supply the world requirements for 300 years 
at pre-war consumption, while Germany with 1500 sq. km. and 
200 pits could supply the world for 7500 years. For case of 
extraction, however, the advantage; is claimed for Alsace.^® The 
mines are much' more extensively developed than before the war. 
In 1913 the exports from Alsace w^ere only 40', 721 tons KgO ; in 
1920 they w^ere 199,175 tons KgO, of which nearly 18,000 came to 
the United Kingdom. 

The production of potassium salts in thq- United States has 
been shrinldng ; in 1919 there were produced 110,243 short tons 
(28% KgO) compared with 207,686 tons in 1918. West Nebraska 

** M. H. Jacquier, La Renaissance Agricohy Oct. 9, 1921. 

** W. H. Waggnman and T. B. Turlw, Chem. and Met. Eng., 1920, 23 , 
1057 ; J., 1921, 77a. Calcining with CaCOg and wilphurous gases, &c. ; J. J. 
Morel, E.P. 160,847 ; J., 1921, 402a. 

T. Renny and F. Weiske, Landw. Jahrb., 1921, 66, 1. 

« J., 1921, *369r. 

1921, 3hlit, 162 r ; Z. angew. CJiem., Feji. 11, 1921 ; also J., 1921, 

•53r. 

« C. ]\fatignon, J., 1921, 407b. 
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alkali lakes were » the chief source, the output from the alunite 
deposits of Utah and sihcate rocks of Wyoming and from kelp 
being much diminished,/® There still remain possibilities in 
America, however ; it ih said that large deposits have been dis- 
covered near Floresville, Texas. 

A method of volumetric estimation is based on ])recipitation 

as bitart-rate.^^ 

Some of the Anu'iician potassic minerals contain boron, probably 
in sufficient cpiantity to do injury, especially in a dry season, 
though it is undei’stood that steps arc now taken to remove most 
of these substances. 

In Italy leiicite, a double silicate of potassium and aluminium, 
containing 21-5% KgO, is used extensively as a fertiliser, and has 
given exe(‘llent results with rice, potatoes, sugar beet, tobacco, 
rye, oats, and barley. It occurs as a d(ij)osil of about 3 sq. km. 
near (Uvita (^astellana in the provinci^ of Rome.®^ 

In Norway ])otash is now being r(‘covered as a by-]u()duct from 
cement kihis. About 2-4 lb. of K 2 O is volatilised for each 
])arrel of cement (380 lb.), and in the settled dust it c^xists mainly 
as sulphatcv but it is not mitirely extractable by water owing to the 
j)resenee of gypsum, with which it forms a s})aringly soluble 
double salt. It is possible to effect considerable sej^aration of 
potash prior to leaching, since its ])articles are, on th(‘ whole, finer 
than those of tlie r(‘st of the dust.®® 

Oryanic Manures. 

\'(uy considerable attention has been devoted to the preparation 
of artificial farmyard manure. The large increase in arable area 
brought about b>^iie war at one time seemed likely to result in a 
glut of straw which could not be profitably utilised in agricultural 
industry. Experiments have been going on at Rothamsted.for 
some time with the view to making a nitrogenous and humus- 
forming manure from straw by bacterial decomposition alone. 
Thorough rotting of the straw is necessary ; the conditions to secure 
this are : — 

1. Air supply.— ^Typical rotting occurs only under aerobic 
conditions. If air is excluded the straw remains unchanged for 
six months at least. 

2. Supply of soluble nitrogen compounds in suiinhle concentrations. 
— The concentration of even the w^eakest undiluted urine is above 

U.S. Geol. Surv., Dec. 8, 1^20 ; J., 1921, 49a. 

J., 1921, 149k. 

G. Ajon, Qiorn. Chim. Ind. Appl., 1920, 2, 422 ; J., 1921, 21a. 

J. E. Rraetkonridge, J. Ind? Eng. Ghem., 1921, 13, 324 ; J., 1921, 443a. 

U./S. Coni, liepl.^ June I, 1921 ; J., 1921, 313k; also seo G. de 
Angelis d’Ossa^ Atti R. Accad. idncei, 1921, 80 , 379 ;•«/., 1921, 710a. 

®® C. Krarup, Ghem. and Met. Eng., 1921, 25, 316 ; J., 1921, 696a. 
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the maximum limit for decomposition. No rotting occurs until 
the concentration of ammonium carbonate has been sufficiently 
reduced by volatilisation. 

3. Temperature . — The most raj>id changes occur at about 35° C. 

If soluble nitrogen compounds are supplied at the rate of 0*73 
part of nitrogen per 100 parts of dry straw, all the added nitrogen 
is converted from a soluble to an insoluble organic form. Rotting 
will proceed until about 50% of the dry matter has been lost. Little 
or no loss of nitrogen occurs, so that the final product contains 
about 2 0% calculated on the dry matter. If soluble nitrogen 
compounds are addtid in excess of the limit, loss takes j)lace until 
the concentration is reduced to the necessary extent, when the 
action proceeds normally.^® 

It is shown also by experiments at Wainfleet Camp that straw 
can be used for purifying sewage and there seems little doubt that 
the resulting product is a useful fertiliser.®’ 

Further investigations have been made of activated sludge, 
chiefly, however, with the view of simplifying th(‘ manufacture®® 
or of ascertaining the degrt'e of biological purification effected.®® 

The possibility of preparing a merchantable manure from peat 
continues to attract attention. Two proposals may be mentioned : 
in one the peat is mixed with 5% of cyanamide and 5-20% of 
calcium carbonate ; potassium salts are also added.®® In the 
other peat is treated with distillers’ wash or otlu-'r material rich in 
sugar and bacteria, and these are fermented in the; ex})ectation 
that a fertiliser®^ will be obtained. 

A further attempt has been made to prepare a fertiliser from 
waste leather by acid digestion.*^ 

' Sodium and Magnesium Salts as Fertilisers. 

The problem is frequently investigated wheflier and to what 
extent sodium and magnesium salts can act as fertilisers, and the 
results often show that crop increases are obtained by their use. 
Much depends, however, on circumstances. . Further instances 
are recorded where sodium replaces potassium to some extent as 


H. B. Hutchinson and E. H. Richards, J. Min. Agric,, 1921, 28 , 398. 
” E. H. Richards and M. G. Weekes, Inst. Civil Eng., June 29, 1921 ; 
J., 1921, 659a. « ^ 

J. Haworth, Inst. Civil Eng., June 29, 1921 ,♦* J., 1921, 559a. 

P. Courmont, Comptes rend.y 1921, 172 , 1996 ; 173 , 181 ; J., 1921, 
659a, 600a. 

«« The Molassine Co. and H, C. S. de Whalley, E.P. 152,779 ; J., 1921, 
21a. . ‘ ^ . 

• B. Goldschmidt and M. Migeon, E.P. 162,738 ; J.,d921, 481 a. 

H. Devps, E.P. 147,798 ; J., 1921, 233a. 
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food for cereals’ and is th«n found in the leaves and stalks®® ; also, 
where magnesium'sulphate added to a complete fertiliser (nitrogen 
compounds, calcium phosphate, and sulphate of potash) increased 
the yield of potatoes.®^ * ' 

Some fear has arisen lest the ratio CaO/MgO should' be too 
much disturbed by additions of magne^iium salts to soil as fertiliser ; 
it is said that there is some evidence for ratios of 1:1 or 1:2 
according to the nature of the soil, but pot experiments may give 
misleading results in unskilful hands owing to the crowding of 
plants, interference of root growth, etc.®® Examination of the 
plant ash indicates that the ratio of MgO/(^aO is greater than 1 
only in the ease of sugar beet, maize, potatoes, and mangolds ; 
it equals 1 in wheat and is* just under 1 in oats, rye, barley, and 
buckwheat. The ratios KgO : MgO : CaO arc also discussed.®® 

Fertiliser Analysis. 

A number of recommendations have been made by the Association 
of Ollioial Agricultural £Jhemists which, however, do not readily 
lend themselves to summary description ; reference must therefore 
be made to the Journal of that body.®’ 

Carbon Dioxide, as Fertiliser. 

The experiments of Horace Brown and of E. Escombe®® showed 
that additions of carbon dioxide to the atmosphere increased 
assiniilation in the leaf, but the plant as a whole was unable to 
respond and consequently no increase in growth took place. The 
experiment was repeated by E. Demoussy,®® who obtained wholly 
different results ; the jdant responded and made greater growth 
when grown ii^ arf^n t mosphere enriched with carbon dioxide. He 
attributed his success to the circumstance that, unlike Brown and 
Escombe, he had used no acid in the preparation of his carbon 
dioxide, and he ccfncluded that part of the function of farmyard 
manure, green manure, etc., is to increase the supply of carbon 
dioxide, and thus increase plant growth. This particular deduction 
is now controvcrtcc^ Lemmermann could find no evidence that 
carbon dioxide from dung or green manure was of advantage to 
the plant. The rate of production of carbon dioxide he maintains 
is so slow that the composition of the air is not 'appreciably 

T. Pfeiffer, A. Hippel, and C. Pfotenhauor, /. Lfindw., 1920, 68, 255 ; 
J., 1921, 92a. , 

A. Jacob, Z. angew. Chem., 1920, 33, 292 ; 1921, 21a. 

0. Loew, J. Landw., 1920, 68, 225 ; J., 1921, 92a. 

«« H. Lagaty, Cojnptes rend., 1921, 172, 129 ; J., 1921, 124a. 

J. Assoc. Off. Agric. Chem., 1921, Vol. 4. 

®* Pfoc. Roxi. Soc., 19^2, 70, 597. 

®» Comptes rend., 1903, 186, 325 ; 1904, 138, 291 ; 139, 883. 
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affected.’® Evidence is, however, being brought forward by 
German chemists to show that plant growth can be increased on 
the practical side by supplying carbon dioxide up to 0-15% or 
even 0-2% of the volume of the atmosphere, and some of the 
data 2)r6sented are startling. They are summarised by Bornemann’^ 
up to 1920 and only the sifbsequent developments need be men- 
tioned here. 

Bornemann’2 himself finds that plants grown in frames treated 
with carbon dioxide for 10 hrs. daily showed increases of 40% 
or more — especially peas, potatoes, oats, and onions. Unlike 
Lemmermann, however, he thinks that the increased fertility 
of dunged soil may in part be due to carbon dioxide evolved 
therefrom. 

The results of E. Riedel’^ have been widely quoted and on them 
is based a patent which is being exploited in this country. The 
results, it must be admitted, are not very numerous or very satis- 
fyiiig from the practical point of view'. Iliey w^ere carried out in 
a glasshouse 25 metres long and 6 metres wide, and the carbon 
dioxide w'as introduced through a double set of pipes pierced 
with holes which ran the length of the hous(;. Autunm turnips 
show ed considerable increase, and in the seven w eeks from August 1st 
to September 20th yielded on the best plots no less than 20 tons 
per acre (5 kg, per sq. m.). The interesting feature of Riedel’s 
work is that he uses gases from furnaces removing the carbon 
dioxide in the first instance by absoqition 'in sodium carbonate 
solutions from which it is regenerated by use of waste heat. Excc])- 
tion has been taken to the method on the grounds that car})on 
dioxide so impure as that generated in the Riedel apparatus cannot 
be relied upon to give increased yields. Claussen’'* has shown 
that gains in crop yield follow only when pure CTh is used. Riedel, 
however, maintains his position and he has now’® carried his experi- 
ments out of the glasshouse into the open, delivering the carbon 
dioxide to the growing crop by means of pcrfoi^ated cenu'ut pipes ; 
he claims in this way to have obtained yields 1*5 to 3 times that 
of the control plots, though it is difficult to see how an adequate 
control could be maintained in the open air The investigation 
has, however, attracted so much attention from practical growers 
that the proposed method will probably be tested in this country.’* 

1921, 711a. 

F. Bornem^nii, “ Kohlenstiuro & PlJanzenwachstum ” : Parey, 
Berlin, 1920. ‘ ^ 

Mitt, deut. Landw. Ges., 1920 ; J., 1921, 711a. 

Stahl und Eisen, 1919, 40 , 1497 ; Mailers Deuts. Gartner Ztfj., July 20 
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‘Chem,^ZeiU, 1920, 44 , 585, 808. 

* Chem.^Zeit., 1921, 45 , 157. 
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V 

Soils. 

Soil analysis is probably one of tho most unsatisfactory duties 
a consulting chemist is called upon to perform. It is easy enough 
of course to obtain figures, but most difficult to interpret them, 
and often impossible to give the client Jiho information he is entitled 
to have. From a rather wide personal experience and examination 
of numerous reports made by professional analysts, the writer is 
forced to the conclusion that soil analysis on our present knowledge 
can be used only for comparing similar and comparable soils and 
not for advising on any particular soil. If one soil has a known 
agricultural history and can serve as a standard, another soil 
which is strictly comparable can be tolerably well compared with 
it after both are analysed. But little or no useful information 
can bo obtained from the examination of a single soil. 

Admitting that the purpose of soil analysis is comparison with 
a standard soil, it falls into two i)arts. Mechanical analysis enables 
the physical constitution of the soil to be examined. Tho coarser 
portions are easily estiraated ; for the clay, however, the usual 
Hritish method is very tedious ; Beam’s method has been re- 
examined and is shown to be equally reliable and much more rapid. 
The differences lie mainly in the use of taller sedimenting vessels 
and tho substitution of 0*0.5% sodium carbonate for the usual 
ammonia solution ; further, a centrifuge is us(xl instead of the 
slow sedimentation . ’ ’ 

On the chemical side it seems necessary to determine certain 
bases and certain acids. The most important bases arc calcium 
and potassium, but considerable controversy has arisen as to the 
proper way of extraction. There is yet nothing a 2 )proaching 
agreement, but sf^ieihing is being done to show the condition 
in whi(;h the base, t'xist in the soil, and ultimately with more 
precise knowledge it should be possible to find a way out of our 
present tangle of eippirical methods. A paper by Hissink deserves 
mention. He recognises that bases occur in soils in two widely 
different forms : (1) Adsorbed, probably as ions, and easily replace- 
able by other ions, e.g.y by treatment with ammonium salts. 
(2) In a form not yh replaceable but yet soluble in acids. It is 
presumed that the adsorbed bases form tne supply immediately 
available for plant nutrition. Methods are suggested estimating 
these : the calcium and magnesium by displacement with A/1 
sodium chloride, and the potassium and sedium by use of A /I 
ammonium chloride. • 

From the point of view of soil analysis importance is attached 
to the “ state of saturation ” of the soil, i.e., the ratio of the number 
of adsorbed esftions to the numbei which the sqjl is capable of 

’’ A. F. Joseph and f! J. Martin, J. Agnc Sci , 1921, 11, 293; J.. 1921, 
743a. 
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adsorbing ; but there is as yet no accurate method for determining 
the latter.’® 

Investigations such as these’® will no doubt afford a basis for 
the development of a true scientific metliod, but in the meantime 
the problem is being attacked empirically ; pot experiments are 
set up with different soils these arc examined by the help of a 
number of different solvents, and that one is finally selected which 
gives T‘(‘sults most in accordance with the crop yields. Lemmer- 
mann and his colleagues®® have done some of the best of this work 
and have shown that their method of relative solubilities (for 
potash : ■|)ro]B)rtion of total which is soluble in 10% hydrochloric 
acid, and for PaOr, : proportion of total which is soluble in 1% 
citric acid) helps to ac^count for the observed behaviour of fertilisers 
in soils, though they do not agree that any method of chemical 
analysis can a priori determine the fertiliser requirements of soil. 

In the Texas experiments®^ N nitric acid was considered the 
most suitable reagent, although. care is necessary in interpreting 
the results as soils differ in their ease of yielding up phosphates 
to the plant, even when they contain the same quantity of soluble 
phosphate : e.g., surface soils give up more than subsoils of equal 
content, and non-acid soils more than a(ud soils. Yet another 
method wliic;!! has accord(‘d well with pot experiments is to auto- 
clave the soil and extract the potash with vater.®- No solvent, 
however, can give absolute figures : much depends on the conditions. 
Some attention has been devoted to the influence of soil reaction. 
The absorption of phosphorus by plants is affected by the reaction 
of the soil, though to a diff(‘rent (extent for different crops. Maize 
could absorb difficultly-soluble phosphates in acid soil only ; 
addition of lime reduced the amount absorbed. Mustard, on the 
other hand, was able to absorb the same phosphate in more alkaline 
solution. The ratio of CaOiPaOg absorbed was in maize 3:1 
and in mustard* 15:1. This ratio measures the capability of the 
plant to utilise PaOs and to induce change in reaction. The cations 
are preferentially absorbed early, thus leaving a reaction favourable 
to assimilation of phosphate.®® It is further claimed that the 
ratio potash : lime is important ; any considerable increase in the 
sui)ply of lime brings about a repression of potash assimilation 

D. .].;Hissink, Vcrsl. Landbouwk. Onderzoek. Itykdandhouwproejstat.y 
192(k 144 ; J., 1921s 9 o9a. 

Sf'c also L. (-\vsale, SUiz. Sper. Agrur. Ikd.y 1921, 64, 65 ; J., 1921, 710a. 

(). Lerniiierinann, JL. Frosonius, anU H. Wi'^samann, Landw. Verstichs- 
StnL, 1921, 98, 155 ; J., 1921, 820a. 

G. 8. Fraps, Texas Agric. Kxpt. Sta. Bull., 267, 1920 ; J., 1921, 820a. 
Seo also O. M. Shecld, Soil Sci., 1921, U,«lll ; J., 1921, 232a. 

,T. Konig rt.id ,1. Hausenbaumer, Landw. Jahrb., 1920 ; a good r^Bum^ 
of investigations carried out during the paAt 20 years. 

M. Wrangell, Landw. Versuchs-Stai.y 1920, 96, 209 ; J., 1921, 64a. 
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which may r&suli in cwiaidcrabic injury, which can, iiowever, 
be remedied by lieavy dressings of potassic fertilisers.**^ 

i^oil Reaction. 

This important factor is being closely studied and it*is hoped 
that useful and easily-worked methods will soon be available. 
A resume of the whole subject was jiublished early in the year by 
E. A. Fisher/*^ but other methods have beem subsequently 
described,”® and the whole subject is rapidly advancing. 

J*. Ehronber^;, ImmIv'. Jtthrh.. 1020, 14, 1. 

./. A(jrk,. »SVi., 1021, 11 , 10, I."); 1021,2:11 A. 

*** L. MicJuu'Iis {ukI a. (Jyt'inti.nl, Hiochnn. 1020, 109, ; »/., 

]!)21, 102a. O. Loinitu'riiiaiin jurI L. Eresonius, J. La>uhi\, 1021, 69, 97; 
J., 1021, r)5r)A. 
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SlKiAES, STARCHES, AND (iUMS. 

By Lewis Eynon, B.Sc., F.I.O., and eT. Henry Lane, B.Sc., F.I.C., 

Analytical and Consulting Chemists ; Official Analysts to the 
Sugar Association of London. 

Sugars. 

Statistics ])ul)lisho(l by Willett and Gray,^ for tbe year ending 
October 27, 1921, give the world's production of sugar as 16,555,059 
tons, eorui)rising 11,831,715 tons of cane sugar and 4,723,344 tons 
of b(‘et sugar. Th(^ figure for cane sugar is only about 70,000 tons 
below that for the pi’evious year, but most ])r()ducing countries 
showed a small increase, tb(‘ joint elY(‘et of which is oftsed- by a decrease 
of 700,000 tons in India. .European beet production showed an 
increase of about 1,125,000 tons over the yield of th(‘ 1919-20 
campaign, and the presc'iit (campaign is expected to show a further 
increase of about 200,000 tons. Estimates for the j)roduction of 
cane sugar for the year 1921-22 are, of course* only tentative, but 
in most countries a decrease is expected, amounting in the aggregate 
to about 1,(K)0,000 tons. 

The outstanding feature of the present year for the sugar industry 
has been the; fall in j)rict!S, which, starting from an unprecedented 
height in 1920, have probably not yet reached bottom. The chief 
factor responsible for raising j)rices to a pinnacle two years ago 
appears to have been the expectation that the w^orld’s consumption 
would rapidly tend to attain pre-war dimensions and also that in 
consequence of the prohibition of alcoholic beverages in the United 
States, the consumption of sugar in that country would increase 
enormously. These expectations have not l^pen realised, and in 
view of the- impoverished condition of Europe it seems probable 
that European consumption will recover very slowly. It is true 
that the world’s production of sugar (cane and beet) is some two 
million tons less than just before the war, but during that period 
the production ol cane sugar, stimulated b^ conditions due to the 
war, has increased by about two million tons. ’ This means th^t 
the production of beet sugar is about four million tons less than 
before the war. Unless the cane sugar industry c^n supply sugar 
at a price which will prevent the full recovery of the beet industiy, 

- Int.^Sugar J., 1921, 23 , 663. 
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it will be faced witjji a very difficult situation until the world’s con- 
sumption of sugar has recovered to something like the pre-war 
level. The difficulty will be felt most keenly by factories erected 
during or since the war* at a great outlay of capital. In Cuba, 
where a vast amount of capital has been sunk w^ithin rcceflt years 
during the reign of high prices, the fitll in prices produced acute 
financial difficulties, resulting in a moratorium, for much of the 
plant is not yet paid for ; and in the early part of the year 1921 
a Sugar Commission was ay)pointed by the Cuban Government 
to control the price of sugar for export. 

In the llnited Kingdom the pa.st year has seen th(^ official demise 
of the Royal Commission on the Sugar Sup])ly appointed in August 
1914. Its operations arc described in a series of annual Reports, 
the last of which (to March, 1921) contains some general obser- 
vations on State trading. In th(^ (;ours(' of itii s(wen-years’ life it 
made purchasers of sugar amounting to more than 9 million tons. 

• (Unju Suoar. 

Mamifaeture . — In tlireer-roller cane mills the* ])ressure between 
tlur top roller and the rear one is required to be much greater than 
between the top and front rollers, and for mills of this type having 
a movably mounted top roller, F, J. de Bruin ^ claims a form of 
construction in which the hydraulic pressure acting on the top 
roller is directed more towards the rear than towards the front 
roller, so as to ensure adequate compression of the cane in the 
rear gap. The direction in which the hydraulic pressure acts on 
the top roller can be adjusted, within certain limits, by various 
alternative means. ^ A further form of construction is also claimed® 
in wffiich hydratilic jucssure is applied to the rear as well as the 
top roller, the front one being fixed. This arrangement remedies 
certain disadvantages associated with other types, in w'hich the 
forcing apart of the front and top rollers by irregular charging 
results in a lessening of the pressure in the rear gap also. By 
the new construction the hydraulic pressure on the rear roller 
ensures constancy oi pressure on the cane in the rear gap even 
when the top roller is lifted. In mills with two rollers (or under 
certain conditions in those with more than two), C. McNed* provides 
means for adjusting the relative positions of the upper and lower 
rollers in a direction at right angles to the plane containing the 
axes of the two rollers, Jpr whieh purpose the houSngs of the upper 
roller make contact with those of the lower roller over guiding 
surfaces which permit a sliding motion in the direction named. 


2 E.P. 162,633; J., 1921, 444a. 
» E.P. 149,289 ; J., 195l, 633 a. 
* E.P. 161,726. 
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It has been mentioned in previous Reports'^ that the intensive 
milling of the cane which has been practised within recent years, 
notably in Hawaii, has certain disadvantages, viz., the juice as a 
whole has a lower quotient of purity tlMii juice obtained by the 
older milling plants , and also it is liable to contain abnormal amounts 
of fine suspended matter, or ha>gacillo, which is difficult to eliminate. 
With regard to the latter point, S. S. Peck® suggests that a con- 
siderable improvement could be realised by the use of fine juice- 
strainers of lOO-rncsh instead of the comparatively coarse strainers 
usually employed. A further point in connexion with these recent 
milling processes is raised by J. N. 8. Williams,'^ who suggests that 
appreciable losses of sugar by inviTsion are likely to occur as the 
result of fine shn^dding and extreme cTushing of the cane and 
maceration with filter-press washings and thin juices from the 
last unit. As evi(kmc(5 that such losses do occur he cites some 
comparative data for several factories ; these data show' a higher 
value for the calculated sm^rose in the caiU' for factories ]>ractising 
moderate crushing and maceration but working an inferior cane, 
than for factories working a su]>erior cane i)ut with extreme crushing 
and compound maceration, although the ]>ercentage extraction 
was greater in the latter than in the former eases. Such losses of 
sugar during milling would not be revealed by the usual methods 
of factory control, for a direct accurate determination of the sugar 
in the cane is impracticable, and the indirc^ct methotl employed is 
based on th(5 sum of the sugar in the juice and that in th(' bagasse. 
As the percentage extraction is calcukated on this indirect estimate 
it does not nec(‘ssarily represent the proportion of the sugar origin- 
ally inesent in the cane which has been extractcil. Some experi- 
ments recorded by G. Loos and A. Schw^eizer® are of interest as 
bearing on this question of sugar losses during milling. In these 
experiments it was found that whilst the sugar-content of very 
finely divided bagasse diminished from 3% to nil in 7 hours, the 
deterioration was much slower in bagasse less finely divided and 
largely freed from rind by screening. The observed deterioration 
is attributed by the authors to the action of enzymes present in 
the rind of the cane. M. Bird® describes atj-empts made to mini- 
mise fermentative processes during milling operations in a factory 
in British Guiana. A small proportion of milk of lime together 
with some commercial formaldehyde (2 pints of the latter daily) 
was allowed to' flow in a thin continuous stream into the juice 
leaving the last init of the milling tuain, and this juice was employed 

^ Ann. Kejjls., 191S, ‘{65. 

« Int. Sugar J., 1921, 23, 158 ; J., ,1921^ 271a. 

’ Ibid., 1924, 23, 271 ; J., 1921, 44.‘1a. 

* Arch. Snikermd. Ned. Indie, 1921.^, 21 ; J., 1921, 670a. 

« La. Planter, 1921, 66, 184 ; J., 1921, 670a. ’ 
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for macerating th% l)agaHf?fe from the first unit. The results were 
so satisfactory that the proportion of lime used was increased, 
and ultimately the whole, of the lime required for the defecation 
of the factory juices wiis added in this way. Tliis method of 
operating is now in use in several factories with very satisfactory 
results, as it assists clarification, facilitates the attainment of the 
correct reaction for defecation, and relieves the* filter jiresses to 
some extent owing to a jiortion of th(‘ impurities precipitated by 
the lime being retained in the bagasse. 

Difficulties encountered in an Egyptian sugar factory, in the 
defecation of certain raw juices from sound canes, are attributed 
by C. Muller^® to the* liberation of colloidal organic, substances 
containing silicic acid from the plant cells in the milling of the cane. 
These substances are not ])recipitated by lime, but if the juice is 
siqierhcated at 11 ()° (\ before liming the organic component is 
coagulated and the silicja is precijiitable by lim(‘. This treatment 
is stated also to irnjirove the colour of the juice, to reduce the 
amount of lime required* for defecation to one-third of the usual 
amount, and to enable sul])hitation to be omitti'd or postponed 
until the juice has been eva])orated to syru]). 

Recent apparatus for th(‘ sejiaration of suspended matters from 
raw or defecated sugar juices shov\ s no sign of becoming standardised 
in type at present, for tlic patents published during the period 
under review embody a number of widely different principles. In 
an apparatus claimed by J. Miller and (1. Fletcher and Co.,” the 
juice is forced upwards througji a layer of bagasse held between 
horizontal perforated plates in a v(‘ssel supjiorted pivotally on hollow 
trunnions which also st'rve to conduct the juice to and from the 
vessel. The trunni^Tis are connected by a yoke passing above the 
ve ssel and carrying a screw for fixing a cover on the vessel and for 
compressing the layer of bagasse to any required (‘xtent in the 
course of filtration ^ Apparatus patented hy C. *0. Petree'** for 
th(^ continuous treatment of defecated juice is of the conical type 
with a discharge outlet for deposited sludge at the bottom, an 
inverted weir device at th(‘ tfip for collecting floating matter and a 
gallery and helical bOTe jilate to control th(‘ flow of juice through 
the apparatus. An intermittent-acting juice filter in which a 
piston-like filtering medium is forced downwards through the juice 
in a closed vessel is claimed by F. Tiemann.'^’ • E. C. Garrick” 
has patented a straining apparatus of an entiiely«different type in 
which th(* filtering surSace forms the peripliery of a cylindrical 

” Bull Assoc. Chim. Suer., 1021, 20, 2;U) ; J., 1921, 402a. 

E.P. 158,387 unci 101, 993 ; Jr, 1921, 203a, 421a. 

E.P. 162,206 ; J., 19;i, 444 a. 

” E.P. 161, 9§7 ; J., 1921, 633a. 

” U.S.P. 1,367,946; J., 1921. 272a. 
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vessel rotating about a horizontal axis> and divided into radial 
compartments in which a partial vacuum is maintained while they 
are in the upper part of their travel. The juice to be strained is 
fed on tp the upper part of the revolving Vessel, the liquid is drawn 
into the underlying compartments, the solids retained on the 
filtering surface are removed therefrom by a scraper at a later 
stage of the revolution of the vessel, and still later the internal 
compartments arriving at the lowest part of their travel discharge 
their liquid contents through the filtering surface into a trough 
below the apparatus. E. G. Aizcove’® proposes to allow defecated 
juice to travel slowly along a closed-in channel with upwardly 
sloping floor, and to incorporate this device as part of an evapor- 
ating unit, the vapour space bring situated at the inlet end of the 
channel, whilst the calandria is situated at the other end and 
supplied with clarified juice through the channel. Centrifugal 
separators for defecated juice are claimed by F. W. Fischlein’® and 
by W. Mauss.” The former apparatus contains a series of conical 
screens mounted on a rotating shaft within a closed casing, whilst 
in the apparatus claimed by Mauss the suspcndecl matters in the 
juice are thrown against the imjierf orate v ails of a rotating chamber 
consisting of separable sections. 

The hypothesis advanced by A. Schweizer^® to account for certain 
hitherto unexplained losses of sugar in factory working in Java, 
which was referred to somewhat sceptically in last year s Report, 
must apparently now be regarded as unttuiable. Bchweizer’s 
theory was that sucrose was inverted and even further decomposed 
by the “ atomisation ” of syruj) particles in the evaporating plant. 
W. 1). Helderman and C. Sijlmans** have since canied out experi- 
ments in which hot sucrose solutions were repeatedly converted 
into spray, but they found no evidence of any appreciable', amount 
of inversion of the sugar. On the other hand, J. S. de Haan s 
conclusion that the losses referred to are due to entrainment of 
the juice in the evaporating plant is oonfiimexl by obervations of 
W. C. Nieboer^® who reports that as the result of the installation 
of two spray-separators of the whirling blade type in place of 
juice-catchers of the Hodek type in a Javan factory, the unex- 
plained sugar losses have been reduced from 4-07% to 2*65%, 
which represents a saving of about 152 tons of white sugar on a 
crop of 10,768 tons. 

Much interest continues to be manifested in the subject of the 
presence of fine sugar grain in fina^ mola,sses. It will be remem - 
“ U.S.P. 1,358,132 ; J„ 1921, 22a. 

E.P. 161,822 ; J., 1921, 402a. 

« E.P. 164,418 ; J., 1921, 635a. • 

Ann. Repts., 1920, 6, 396. 

• Afch. ^uikerlnd. Ned. IndiEf 1921, ‘' 29 , 496 ; J., 1921, 696a. 

»» Ibid., 1920, 28 , 1889 ; Int. Sugar J., 1921, 28 , 646. 
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bered that a fe^^ years ^go H. Kalshoven®^ investigated many 
samples of molasses in Ja\a and concluded that they contained on 
the average 8% of fine sugar crystals and some contained as much 
as 17-18%. E. 0. von iiippmann^^ subsequently found quantities 
up to 13% in beet molasses. Some doubt has been thrown upon 
the accuracy of these figures, for the method employed by Kal- 
shoven for determining the sugar grain has been criticised from 
several sides. This method is based on the comparison of the 
refractometric dry-substance content of the original molasses with 
that of the sample diluted with water in order to dissolve the sugar 
crystals present, the latter value being of course calculated back 
to the undiluted molasses. A similar method had been employed 
by Stanek and Skola for determining the purity of the syrups in 
massecuites without removing the grain, but according to J. Dedek^® 
the method was found to be subject to so mPany sourc(?s of error 
that it had to be abandoned. The determination dope nds, in fact, 
upon a small difference betw'een tw'o refractometric ]*eadings wdiich 
are liable to considerable uncertainty. Th(‘ use of water for diluting 
also involves errors, as pointed out by J. Tischtschenko.-^ Eor 
example, Dedek found that when the method w as applied to a beet 
molasses entirely free from microscopic crystals an amount of fine 
grain was indicated which varied ac(5ording to the degree of dilu- 
tion ; when the sample was diluted with 214‘)(> of water it appeared 
to contain M8% of grain, but when diluted with 97-3% of water 
4*89% of sugar grain was indicated. In view of these consider- 
ations Dedek recomm(‘nds that dilution should be avoided alto- 
gether, by taking the second reading on a portion of the sample 
which has been heated in a firmly closed metal container for J hr. 
at about 110° C. y a bath of glycerin and shaken at intervals to 
dissolve any crystids present. Operating in this way on a number 
of beet molasses, Dedek found amounts of raw^ grain ranging frqm 
nil to 18.7%, the average being 6-9%. Kalshoven's method 
indicated much larger amounts, for example 18% instead of 13yo 
one case. A. Schw'eizcr has expressed doubts whether such large 
proportions of sugar grain can actually be present in molasses. 
He found that w'he» a molasses wrhich had been filtered through 
thick cloth was mixed with 3-5% of finest sugar dust it had the 
appearance of an opaque mass having somewhat the j[;haracter of 
massecuite, and even 2% of fine sugar could be detected on spread- 
ing the molasses on a glass plate. Moreov r, he failed to detect 
any evidence of sedimjntatiofi in molasses kept^or a long time in 
tanks, the upper and lower layers having practically the same 

21 Ann. Repi^., 1919, 4, 384. . 

22 Z. Ver. dents. Zuker^nd., 1919, 44, 627 ; J., 1920, 4»0a. 

22 Luty CuJ^ovamicke ; Int, Hangar J.^ 1921, 23, 32>; J., 1921, 523a, 

2* Z. Ver. deiits. Znckerind.y 1909, 103 ; J., 1909, 263. 
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composition after long storage. The silbject \vould thus appear 
to require further study, particularly ai# regards the validity and 
limits of error of the refractometric methpd employed to determine 
the sugar grain. Some experiments carried on in a Javan factory 
by W. 1). Helderman appear to show that large quantities of 
recoverable sugar may be lost in molasses. A low-grade massecuite 
cooled in the usual way, in unlagged tanks, yielded 22% of sugar 
on centrifuging, but by leaving the massecuite to cool very slowly 
in insulat(‘d tanks for two months, and then centrifuging, the 
yield of sugar was increased to 28-31%, the crystals were larger 
and more regular in shape' than those obtained by the former 
treatment, and the resulting molasses was quite free from grain. 

Deteriomflon of Maw Sugars. 

N. Kopeloff, H. E. Perkins, and (\ J. Welcome-® have made 
a study of the changes occurring in a large number of bags of raw 
Cuban sugar, of flifEerent marks and (qualities, in the course of 
storage for eight weeks in a warehouse^ in New Orleans under 
ordinary storage conditions. The origiTial polarisation of the 
various sugars rangcnl from 92 to 98, the moisture-ratio {i.e., 
W /(l()()-8) where W and S are the percentages of vater and sucrose 
respectively) ranged from 0-18 to 0*50 and the number of micro- 
organisms per gram of sugar ranged from 07 to 134,000. Chemical 
and bacteriological tests carried out after four and eight weeks’ 
storage showed that most of tlu^ sugars had undergone appreciable 
deterioration, that is, a fall in polarisation, amounting in some 
cases to more than 1%, usually accompanied by an increase in 
reducing sugar. There was a decided increase also in the number 
of micro-organisms, which could be correlated ^^ith the degree of 
deterioration within (certain limits. In general the number of 
micro-organisms per gram of sugar was greater at the cemtre than 
at the surface ot’ the bags, doubtless because the atmospheric con- 
ditions (average temperature 07'’ relative humidity 81) were 
such that the outer layers of sugar tended as a rule to become 
drier during storage. A study of the results indicates that neither 
the “ moisture-ratio,” nor the number of fhicro-organisms per 
gram is by itself a satisfactory criterion of the liability of a sugar 
to deterioration ; of the two factors mentioned, considered singly, 
the second is more to be relied upon than the first, for whilst pre- 
dictions based on the number of organisms proved wTong in 33 
cases out of 141, predictions baserf on the moisture-ratio were 
falsified in 86 cases out of 141 . By taking both factors into account 
more valid generalisations can be made, but these arc subject to 

* 25 Arrh. SuikMnd. Nid.-Jndie, J921, 29, «94 J., 1921, 7S4a. 

26 . 7 , Ayric. Jtes., ‘■192J, 20, «37 ; 19*21, 271a. 

27 Ann.'Rcpt.'i., 1919, 4, .‘185. 
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exceptions. JSa^ples hawng any moisture-ratio common in raw 
('uban sugars (0-2-0 -5) are practically certain to deteriorate during 
storage if they contain more than 50,000 organisms per gram. 
If the number of organisms does not exceed 500 the danger of 
deterioration is mucih less in the case of sugars having rfloisture- 
ratios below 0-3(>, but there is ample* evidence to show that even 
if the moisture ratio is reduced below- 0-3, wdiich is considered the 
critical point, deterioration may take place in sugars containing 
more than 200 mici*o-organisms per gram. It has been shown 
that the use of superheated ste-am in the centrifug(‘s will reduce 
the number of organisms in a sugar by more than {) 0 %, so that 
by this means the danger of deterioration may be practically elimi- 
nated provided the factor of safety or moisture ratio is also properly 
controlled. (Certain moulds of the genera Penidllium and Asper- 
gillus are regarded by W. J. T. Anions ami by P. A. van d(T 
Pijl as among th(‘ most attive agents causing deterioration in 
sugar, and various species isolated from sugar are described by 
both these inv(‘stigators. Van der Bijl considers that bacteria, as 
distinct from moulds, only play an important part in exc(‘ssively 
moist sugars. In order to jxroduce sugars not liable to undergo 
(ifiange during storage, he suggests that from the* boiling of the 
massecuite onwai’ds all factory operations should be (airried out 
under aseptic conditions as far as j)ossible, that plant and utensils 
should be disinfected periodically, and that the sugar should be 
dried before being bagged. 

A method pro])osed by I). (Irant^** for preventing or muiimising 
deterioration in raw sugars intended for refining, is to mix with 
the sugar a small pro])oii:ion, for example O o-ti'/o. of dry linely 
powdered dc^colorwing (iarbon or other adsorbent material such as 
kieselguhr. Tihe added material by adsorbing moisture present in 
thf^ sugar, renders the latter mu(;h drier to the toucdi and much ^ess 
liable to deterioration during storage and transport. A particular 
advantage claimed* for this treatment is that the sugar is rendered 
sufficiently dry and c.rumbly to be shipxied in bulk and convened 
by pneumatic transport, like grain. The treatment of the raw 
sugar by this jirocgss is stated to facilitate and effect economies 
in refining, but of course it would necessitate that the refiner’s 
methods must b(^ adajited to deal with sugar treated in this w-ay. 

Decolorismg Carhoyjs. 

Several patented processes lor tnc j^rejiaration of these products 
have been published during the past year. De Bruyn, Ltd. and 

Arch. Suikerhid. Ncd.-htdie, 1921, 29, 1 ; J., 1921.*()70a. 

Int. SwjnrJ.. 1921, *23, rtOf; 1921, 745 a . 

K.P. ir)9!(;4U; J., 1921,:1«2a. 
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C. Revis employ as raw material the filter press residues from the 
refining of edible oils sueh as cottonseed oil. IVf. B. Punnett and 
R. A. Whitaker impregnate sawdust or other vegetable material 
with a concentrated solution of a sulphate, such as nitre-cake, 
and carbonise at £00 -500° C. in open retorts in presence of air, 
after which the product is le'ached, dried, powdered, and reheated 
at 800°-1000° C. in absence of air. In a process claimed by C. S. 
Hudson sawdust, corn-cobs, or other suitable material is impreg- 
nated with about twice its weight of phos})horic or boric acid and 
carbonised below a red heat, but preferably above 375° C. The 
yield of decolorising carbon obtained is stated to amount to 90% 
of the amount of carbon contained in the raw material and its 
decolorising action on raw sugar solutions is five times as great as 
that of the best decolorising carbons hitherto available. The 
phosphoric or boric Acid is leached out and employed repeatedly. 
The decolorising power of the product varies according to the 
proportion used and the temperature of carbonisation. Between 
300° and 375° 0. a soft carbon is obtained which possesses only 
moderate decolorising ])oww, whilst between 400° and 600° C. 
a hard and very active product is obtaintid suitabk^ for industrial 
use. The high yield and exceptional activity of the product 
claimed for this process are attributed to the use of an acid capable 
of forming esters with the carbonaceous materials whereby the 
course of carbonisation is profoundly modified, and further the 
presence of the hot acid flux maintains the suHaec of the particles 
of carbon clean and prevents oxidation 
In a suggestive paper by E. G. R. Araagh^* a re^mme is given 
of the present state of our knowledge concerning the conditions 
favourable to the jiroduction of active decolorising carbons. The 
conditions mentioned an^ (1) the use of organic material rich in 
silvia, lime, or nitrogenous substances, (2) imj>regnation of the 
material with inorganic salts or oxich^s, that remain solid or volatilise 
at the temperature of carbonisation, or im])rcgnation with nitro- 
genous substances such as casein, (3) high U‘mj)eratures and pro- 
longed heating, (4) in certain cases the action of steam or carbon 
dioxide at a certain optimal temperature, (ii) extraction of the 
mineral impregnating agent after carbonisation, and (6) reduction 
of the product to a fine powder. Experiments on fine sawdust * 
from hard maple w^ood confirm these conclusions. When the saw- 
dust was carbonised in an atmosphere of nitrogen at 850° C. the 
adsorbent capacity of the product for caramel increased with the 
duration of carbonisation. Previous impregnation of the sawdust 

31 E.P. 162,117 ; J., 1921, 426a. 
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with suitable inorganic saHs improved the i>roduct., the best results 
being obtained by impijegnating with ammonium magnesium 
chloride or by mixing the ^awdiist with an equal quantity of calcium 
phosphate. Wliethor tile sawdust was impregnated or not, how- 
ever, the decolorising power of the product was invjiriably increased 
by extracting with hydrochloric acid. 

In the same paper an account is givt*n of the theoretical con- 
clusions reached by N. K. C'haney in his work on the preparation 
of active carbon for gas masks, which was carried out for the United 
States Chemical War Service, (.hancy distinguishes two forms of 
amorphous carbon : one, the a-form, poss(‘sses great adsorbent 
power and is readily attacked by oxidising agents, whilst the other, 
or /?-form, is inactive and more resistant to oxidation. In general 
the a-form is produced by the chemical or thermal decomposition 
of carbonaceous material at temperatur(‘s ‘below 500 “-600*^ C., 
whilst the inactive form is produced at temperatures above 800° C. 
In the destructive distillation of organic matter at low temperatures 
the a-carbon produced . adsorbs hydrocarbons and the product 
obtained under su(;h conditions, which is designated “ primary 
carbon,” is a very stabler complex of hydrocarbons adsorbed on a 
ba'se of active carbon. Many animal and vegetable carbons consist 
of “primary carbon” and so also 'do cokes prepared from bitu- 
minous coal at low temperatures. “ Secondary caibon ” is “ pri- 
mary carbon ” which lias been partially or completely broken 
down witli the formation or introduction of inactive carbon by the 
high -temperature carbonisation of hydrocarbons forming part of 
the primary carbon itself or derived from extraneous matters. 
The problem of producing active e^irbon, according to this view, 
consists in selectj^g or producing a primary carbon and then by 
differential ojrtdatinn o]‘ distillation removing the adsorbed hydro- 
carbons from the base of a-carbon. The beneficial effect of im- 
pregnating agents is due to their action in removing these adsorbed 
hydrocarbons, lliey also undoubtedly render the carbon more 
porous, but Chaney distinguishes adsorbent power due to porosity, 
or “ capillary capacity,” from the “ specific capacity ” which is a 
characteristic! of a-#!arbon. In ndation to the adsorption of gases 
capillary capacity is fundamentally different from specific capacity. 
It is characterised by the rapid attainment of equilibrium, that is, 
gases at high concentrations are rapidly absorbed, but also rapidly 
released when the concentration is reducid. ^ Specific capacity, 
on the other hand, chafl’acterised by the power of adsorbing 
gases at low concentrations, and by great retentivity. These 
theoretical views deserve consideration inasmuch as they suggested 
several methods of preptrring active carbons which proved 
successful. 

*6 Tmns. Amer. ElectroehfW. 1919, 36, 91 ; J., 1919, SfiTA. 
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The comparison of the decolorising povvcr of samples of carbon 
and the choice of a satisfactory numerical constant to express the 
results have engaged the attention of A. B. Bradley and F. E. 
Thomas. The problem is one of considerable difficulty, for the 
effect produced by a sample depends on factors which have not 
yet been fully ('lucidated. Very useful work in this direction has 
been done by Bradley in an investigation of the action of a number 
of decolorising carbons on a 50% solution of a raw Jamaican sugar 
under similar conditions, the liquid being treated with 5% of the 
decolorising carbon, heated just to boiling. filt(*red by suction 5n 
a Buchner funnel, and examined with a Lovibond tintometer to 
determine the percentage of colour removi'd. From these com- 
parative tests it is concluded (1) that in general the carbons which 
possess the lowest decolorising pow'er also give lise to the slowest 
filtrations, (2) that the percentage of carbon in the samples is not 
a measure of the decolorising powtT, (3) that tlu' relative decolor- 
ising efficiencies of a number of samples may vary according to 
the concentration of the sugar solution r'niployed, (4) that the 
presence of a large proportion of very fine particles, passing through 
sieves of mesh higher than 84, is detrimental in rc^sjiect of decolor- 
ising action and rate of filtration, and (5) that the decolorising 
and filtering efficiencies of a safnple dej)end on its bulk or porosity, 
as measured by the volume occupit^d by 5 g. of the sample. Bradley 
is inclined to regard the last-mentioned factor as of chief importance 
in determining decolorising power, but the size of the particles 
also plays a part. Carbons containing a large j)roportion of very 
fine grain become rapidly exhausted on continued use, wdiilst those 
containing the largest proportion of medium -sized grain, say those 
passing a sieve of 84-mesh but retained by on(i of lOO-mesh, main- 
tain their activity longest. F. E. Thomas em])liasises the prac- 
tical importance of expressing the decolorising powder of carbons 
in such a way as to indicate the relative amounts of the samples 
required to produce equal decolorising effects, ’ and he proposes 
to adopt “ Norit ” as standard, and to test other samples by ascer- 
taining the percentages of the latter necessary to produce the 
same decolorising effect as 5% of “ Norit ” on a^raw sugar solution 
of 50° Brix under certain standard conditions, the percentages 
being in all cases referred to the sugar present. In a later paper 
Bradley criticises certain of Thomas’s suggestions and urges that 
a satisfactory comparison of decolorising powder cannot be based 
on the behaviour of the standard carbern at one concentration only, 
for the relative efficiencies of different carbons vary according as 
larger or smaller proportions of all arc used. In view of the im- 

V Int. SwjarJ^y 1921, -G ; J., 1921, 1.^)7a. 
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portanco of thb bulk or porosity of the samples and the size of the 
grains, these factors also should be taken into account in any 
scheme of standard tests. The main points in the scheme suggested 
by Bradley are as follorws : (1) The adoption of a standard tinto- 
meter, preferably that of Hess-Ives, (2) the use of a 50% faw sugar 
solution for the tt^sts, (3) the adopticih of a standard carbon of the 
highest decolorising power, such as “ Super-Filtchar,” (4) the 
determination of the percentages of colour removed by various 
proportions, ranging from 1 to 0%, of the standard carbon and 
also of th(‘ samples under examination, so that graphs may be 
plotted to exhibit the relative (‘fficiencies at dilTerent concen- 
trations, (5) the observation of the times required for the filtration 
of a given volume of the treated solutions, under standard con- 
ditions, (6) the determination of the proportions of the samples 
capable of passing through screens of differwit mesh, for example 
(K), 106, and 124, and (7) the determination of the volume of a 
given weight of the samples, as a measure f)f porosity and also of 
friability. It is to be hoped that the publication of the papers 
referred to above will l(‘ad to an exchange of views between chemists 
concerned with the manufactuiv and use of decolorising carbons 
in* the sugar industry, for as th(5 number of carbons on the market 
increases and th(‘ir use becomes moze general, satisfactory methods 
of valuation adapted to the rt‘quirements of the different branches 
of the sugar industry will become* urgently necessary. 

It is well knovn that decolorising cai'bons are more effective in 
acid than in neutral or alkaline solutions, and in an investigation 
with raw cane juices J. F. Brewster and W. 0. Raines have con- 
firmed this fact in terms of hydrogen ion concentration. It was 
found that the ^^nce^ntration of hydrogen ions in normal cane 
juices is in the* ruMghbourhood of tlie value 5, but it varies 
considerably in dilferent^ cases and not always in the same direction 
as the acidity determined by titration. For example, one juice, 
10 c.c. of which required 1*43 c.c. of A^IO alkali for neutralisation 
had a value of 4-8, whilst another reciuiring 2*0 c.c. of alkali 
had a *lowt;r hydrion concentration, viz., y>„=5*0. It was found 
that the decolorisiijg effect of a carbon on raw juice increases with 
increase in the concentration of hydrogen ions, but in view of the 
fact that decolorisation is usually carried out on the hot juice, it 
is not considered advisable to work with a hydrion concentration 
exceeding p„— 5, the natural reaction of the juice, owing to danger 
of inversion of sucrose. J. N A. Sauer claims that the advantages 
of working with an acid liquid can be realised without actual acidi- 
fication, by employing a decolorising carbon which has been boiled 

with excess gf acid, v'asht‘d* until the washings are neutral, and 

* 
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not subsequently dried. The moist cai:i)on thus ‘treated retains 
adsorbed acid and acts on sugar solutions as if the latter were acid. 
Sauer has also patented a process for the systematic treatment 
of sugar liquors with decolorising carbons, the main feature of 
which is that batches of the liquid at different stages of decolorisation 
are passed in turn, the lightest first and so on, through the same 
charge of carbon in a filter press, or in the case of the first and 
last batches of liquid the carbon may be mixed with the liquid 
and transferred to the presses with the latter. The General Norit 
Company claim a process and apparatus for the treatment of 
liquids with decolorising carbon, in horizontal mixing cylinders 
fitted with agitator blades and each with an int^^rnal filter fitted 
in front of the liquor outlet at the top of the chamber, to retain 
particles carried away by the liquid and to r(‘turn them to the 
body of the chambcp. 


Bekt Su(jar. 

British Bed Sugar . — ^The Kelham beet sugar factory was opened 
on November 2, 1921, and is now' in opiTation. Tt is owned by 
Home Grown Sugar, Ltd,, w ith a (capital of £7(K),(K)(), part of which, 
as stated in a previous Report,^® has been guaranteed by the British 
Government. The factory has been designed and the greater part 
of the machinery supplied by a French firm and the operations 
are under French supervision. It has a capacity of 600 tons of 
beets per day of 24 hours, and its output for' a campaign is 8000 
tons of sugar, 3000 tons of dried beet pulp, and 1 800 tons of molasses. 
On the first year’s working it is certain to make a heavy loss, for 
it is paying a ton for roots, which will involve the expenditure 
of £19,000 more than the price obtainable for the sugar produced, 
and to this loss must be added all the manufacturing costs. The 
large capital which has been required owing to the high cost of 
erecting and equipping such a factory at the present time, will 
unfortunately continue to be a heavy burden even when the prices 
of beets, materials, and labour have found their economic level,, 
but the experiment will be watched with great interest, and if it 
succeeds there should be no difficulty in secui;ing capital for later 
enterprises of a similar kind when the costs of building and equip- 
ment have become more favourable to success than they have 
been in this case. 

‘ Manufacture of Beet Sugar. 

< 

In a series of studies of the carbonatation process, V. Stanek 
has investigated several points of practical interest which deserve 
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notice. By stirring the juice for about half an hour at 85° C. after 
the first carbonatation, instead of filtering it immediately, the 
quotient of purity of the juice was found to be appreciably improved ; 
for example, with one jaice a purity of 94- 1% was obtained, as 
compared with 93*3 yo f^y immediate filtration, and no detfimental 
effect was produced on the colour, alkalinity, or salt-content of 
the juice. The calcium salts of organic acids present in the juice 
or produced by decomposition of invert sugar, are not completely 
eliminated by carbonatation, and in order to obtain a clarified juice 
as free from calcium salts as possible, Stanek'*^ proposes to treat 
the juice, preferably before the completion of carbonatation, with a 
small quantity of sodium carbonate or sulphite equivalent in amount 
to the calcium salts of organic acids present. In the ordinary 
carbonatation process calcium suljdiate present in the juice is 
removed much more completely than corresponds with its solu- 
bility in the juice ; this is possibly duo to adsorption by the 
l>recipitated calcium carbonate or to the formation of insoluble 
double cora})ounds with the latter. The effect of the carbonatation 
])rocess on the amino-acids present in beet juice lias also been 
investigated by Stanek . Solutions containing 0*1 % of asparagine, 
aspartic acid, glutamic acid, or leucine, together with 15% of 
sucrose, were treated with 2% of lime at 85° C. and subjected to 
carbonatation. This treatment removed 62% of the aspartic 
acid, 40% of the glutamic acid, 16% of the asj)aragine, and 6% of 
the leucine from solution, and by using 4% of lime instead of 2% 
still larger proportions of the amino-acids were precipitated, for 
example 80% of Die as])artic acid. By treating the filtered juice 
from the first carbonatation with 0*2% of lime and again saturating 
further amounts the amino-acids were removed, viz., aspartic 
acid 14%, gluttniH.: acid 7%, asparagine 2%, and leucine 0-1%, 
but much better r<^sults were obtained by substituting sulphjt- 
ation for the second carbonatation, viz., aspartio acid 24%, glu- 
tamic acid 11%, asparagine 3%, and leucine 2%. Thus the re- 
moval of aspartic and glutamic acids is throughout more complete 
than that of asparagine and leucine. In order to eliminate aspara- 
gine as completely #is possible from raw beet juice, therefore, it 
must be converted into aspartic acid, for which purpose prolonged 
contact of the juice with lime before saturation is advantageous. 
In a further communication the same author recommends a 
triple carbonatation for the treatment of juices from frozen or 
altered beets, which ar^ liable*to contain abnormally large amounts 
of invert sugar. 

Z. Zuckennd, Bohrn,, 1918, 42 , 417 ; J., 1920, 126a. 
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Bey ersd Offer draws attention to the danger of destruction of 
sucrose associated with the practice of using the sweet water from 
the filter presses for the slaking of the lime employed for clari- 
fication ; owing to the heat developed on p*laking,as much as 5-15% 
or even more of the sucrose in the sweet water may be decomposed, 
the chief products being acetic and lactic acids, which, of course, 
increase the calcium content of the carbonated juice. 

In the filtration of carbonatation sludge in the usual presses, 
coarse particles tend to sink to the bottom of the filter chambers, 
and consequently the lowTr portion of the sludge cakes are more 
porous than the upper portion, and in washing the cakes the water 
passes more readily through this porous region than through the 
upper part, so that the sugar is removed unequally. To remedy 
this, A. Miiller proposes to retard the flow of water through the 
lower part of the cakes by various alternati\T means, for examjile 
by employing extra thick filter cloths in the' lower jiart of the press 
or by reducing the size of the perforations in the lower part of the 
metal plates. 

Th(‘ possibility of recovering some of the ammonia liberated 
from beet juice* in the course of raw sugar manufacture is discusst^d 
by several authors. Donath has suggested that in a factory 
slicing (kKX) quintals (600 metric tons) of be^c'ts daily as much as 
383 kg. of ammonium sul]ihate could be recovered per day from 
the clarification dejiartment alone. This estimate is shown by 
subsequent investigators to be many times too high. From ex- 
periments in a beet sugar factory, K. Andrlik and V. Skola*-^ estimate 
that the amount of ammonia, liberated during carbonatation 
represents about 0-001 0% of the weight of beets sliced, a further 
0-0058% is evolved during the subsequent heating of the juice, and 
0-0074% is found in the condensed water drain(‘d from the multiple 
effect evaporat.()rs. In a practical trial it was found that the 
ammonia actusilly recoverable from the wa.ste gases from the car- 
bonatation amounted only to about 0-00075^o of the beets, and 
Silhavy arrived at a very similar estimate, viz., 0-00073% corre- 
sponding to 4-38 kg. of ammonia or 16-9 kg. of ammonium sulphate 
per 6000 quintals of roots sliced ; whilst J. Hrada found that still 
smaller proportions, viz., 0-0002-0-0005%, were evolved from 
limed juice maintained at 80"-90° C. for 30-50 mins. It seems 
clear, therefore, that under practical conditions very little ammonia 

can be recovered from the juice during clarification ; much larger 
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amounts are liberated during the subsequent heating and evapor- 
ation of the juice, but their economical recovery is a problem 
which has not yet been solved. 

In the boiling of ma^secuites from syrups of high purity, such 
as first-product beet syrup, M. von Wierusz-Kowalski 'proposes 
to centrifuge the massecuite hot afte^ only a portion, for example 
40%, of the sugar has crystallised, and to subject the separated 
syrup to sulphitation before boiling further to grain. Owing to 
the lowering of the quotient of purity of the syrup, due to the 
separation of part of the sugar, sulphitation can be used with 
greater advantage since it may be carried farther than vould be 
safe with the original syi-uj^. E. Mozer'^® claims a process and 
apparatus for the draining of massecuites in the vacuum pan, 
especially suitable in cases where the sugar is to be remeltcd at 
once. Tlui vacuum pan has a screem^d outJet at the bottom for 
the molasses, and also means for introducing s 3 n’U]) or wat(‘r for 
the cleansing or redissolving of the sugar. 

A reference to the subject of fine grain in beet molasses will be 
found above in the paragraphs dealing with cane molasses. A 
comparative study of the Steffen lime process, the strontia process, 
anti a similar one involving the use of baryta, for the desachari- 
fication of beet molasses has been*^ carried out by M. Potvliet. 
The precipitated saccharate was in each case Stored, pressed, 
washed with a solution of the resjiective alkaline- earth, and decom- 
posed by means of carbon dioxide. The washing involved loss of 
sugar in all cases, especially in the strontia process. The solution 
of the recovered sugar obtained after filtration of tlie carbonatation 
sludge from the strontia process was light straw yellow in colour, 
that from the ba|yta process was slightly darker, whilst the juice 
from the Stefitm ju oci'ss was very much darker, the relative colour 
values being 2*25, 24)2, and 8*60 respectively. The original molasses 
contained 48*5% of sucrose, and tlie yields of sugar obtained were : 
35-45% by lime, 43-18% by strontia, and 43*97% by baryta, and 
in the last two cases no trace of the respective alkaline-earth metals 
could bh detected in the sugars. It is concluded that, apart from 
the cost of materi^s, the strontia and baryta processes are more 
convenient and efficient than the Steffen lime process. The mother 
liquors from the two former processes can be concentrated to 42° B. 
without difficulty, and they then contain at least 12% of potash 
and 4% of nitrogen. Two new processes for xcndering beet molasses 
edible may be briefly mentioned. In one proposed by H. C. Cutler^® 
the molasses is heated with hydrochloric acid to invert a part of 
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the sucrose present and then subjected to dialysis in hvdei to remove 
the acid and the greater part of the salts present, after which it is 
boiled, filtered, and evaporated to the required consistency. The 
second process, patented by W. D. Bonner,^® consists in treating the 
diluted molasses with tartaric acid to remove potash, evaporating 
the filtered liquid to eliminate its unpleasant flavour, and treating 
the separated tartar with sulphuric acid to recover tartaric acid 
for further use, and potassium sulphate. 

Miscellaneous. 

Sucrose.— d. Reilly has investigated the products obtained by 
heating sucrose under reduced pressure. It appears that under 
these conditions some Z-glucosan is formed, a result of interest in 
view of the fact that this compound is obtained from cellulose, 
starch, and dextrin by similar treatment.®^ The amount of Z-glu- 
cosan obtained from sucrose, however, is very small as compared 
with that obtained from cellulose etc. Since, according to the 
views of Pictet and Karrer,®^ the Z-glucosan obtained in these 
decompositions is derived from /5-glucosc groups, it would seem 
that, provided the decompositions of sucrose and cellulose follow 
similar lines, the /5-glucose structure is not present as a main 
grouping in the sucrose molecule. 

Lactose. — J. Gillis has determined the solubility of lactose in 
water at various temperatures and finds that it ranges from 34-9% 
by weight of anhydrous lactose in the solution-at 57*P C. to 86*7% 
at 178-8° C. M. Bridel finds that emulsin hydrolyses lactose 
in alcoholic solution to dextrose and galactose, the latter being 
converted into ethyl-/5-galactoside. J. Tavroges, J. W. Roche, 
and G. Martin®® claim a process of manufacture in which whey is 
freed from lactalbumin by means of a suitable colloid prior to 
recovery of the lactose ; thus the whey is heated to 70°-80° C. and 
treated with sodium thiosulphate, the negatively charged colloidal 
sulphur thus prds’cipitated throwing down the positively charged 
albumin. 

Oalactose. — E. P. Clark ®® prepares this sugar by boiling a solution 
of lactose in times its weight of 2% sulphuric acid for 2 hours, 
the solution then being neutralised with barium carbonate, decanted 
through decolorising carbon and concentrated under reduced 
pressure untjl its weight is 1*1 times that of the lactose taken. 
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The warm syrdp^is treated with ethyl and methyl alcohols and 
seeded and left to crystallise. The crude sugar may be purified 
by acidifying a 25% aqueous solution with acetic acid, concen- 
trating and treating witK 95% alcohol. 

Mannose. — P. M. Horton®’ prepares this sugar from irory nut 
shavings by a process in which the pondered material is first treated 
with sodium hydroxide and then hydrolysed with sulphuric acid ; 
a yield of about 23% of fairly pure mannose is obtained. 

Ehamnose. — C. F. Walton, jun.,«® employs “ Lemon Flavin,” 
which is rich in quercetrin, for preparing rhamnose. The flavin is 
hydrolysed by boiling for 30 min. with 10 parts of 0*5% sulphuric 
acid, and the solution, filtered from the residue of quercetin, is 
neutralised with barium carbonate, decolorised, concentrated under 
reduced pressure to a solid-content of about 40%, treated with 3 
vols. of warm absolute alcohol, filtered and ct^centrated to a solid - 
content of 70-80% ; the rhamnose crystallises on cooling the 
solution and may be recrystallised from 80% alcohol. A 20-25% 
yield is obtained. ^ 

Analysis of Sugar-Products. 

There is perhaps no branch of chemical analysis which presents • 
more difficult problems than those encountered in the case of 
mixtures of several sugars or of sugars and other carbohydrates. 
The classic methods dependent on optical activity and reducing 
power before and after hydro'ysis or fermentation are quite satis- 
factory in many cases, but in others they do not give complete 
and accurate data. The schemes of analysis, based on these 
methods, for the analysis of mixtures, though satisfactory for two 
or three constitn^ts, generally involve such an accumulation of 
errors that thef fig'in's obtained for the remaining constituents are 
very untrustworthy. During the last few years, however, much 
progress has been made in the discovery and development of methods 
for the determinatton of individual sugars ; moreover, since some 
of these methods depend on principles or reactions altogether 
different* from those involved in the older methods, the results 
obtained by the foiyner methods serve as useful checks on those 
obtained by the latter. As will be seen from what follows, a great 
advance has been made in this direction in the past year. 

Optical Methods. 

V. Stanek ®® confirms^the observation of Bates and Jackson’® that 
the Herzfeld-lgchonrock value, 34*657, for the [a]p*® of a sucrose 
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solution polarising 100° Ventzkc is too high. Bates and Jackson 
obtained the value, 34*620, and Stanek’s work would appear to 
show that the value is still lower. In view of the extreme import- 
ance of this factor, further revision with, a view to obtaining an 
agreed figure is certainly necessary. 

The proposal to adopt a View normal sacchariractric weight of 
20 g. put forward by C. A. Browne’^ and others is opposed by a 
large majority of British chemists’- on the grounds that the incon- 
venience, expense, and confusion caused by the change would 
outweigh any advantages. Further, the 26-00 g. normal weight 
adopted by the International (kimmission for Uniform Methods 
of Sugar Analysis in 1000, insures greater accuracy of observation 
than can be attained with the smaller weight pro})osed. 

The work of Jackson and Oillis’^* on the det(‘rmination of 
sucrose by the mc'tltod of double polarisation and on the value 
of the (Jerget divisor has been tlie subject of controversy 
between these workers’^ and C. A. Browne’^; it is doubtful if 
the last word has been written on the si:^bj(‘ct, and the tiuestions 
must be left in dispute for the ])resent. From the work of 
Jackson and Gillis,’'^ 0. Schrefeld,” and Browm* and (Jamble,’” 
it appears that the (3erget divisor, 132*60 at 20°C.. which is 
valid under the Herzfeld conditions of sucrost^ inversion, becomtvs 
133*0 und(‘r the Jackson-Cillis conditions of inversion. Browne 
and Gamble ]ioint out that the adoption of the* latter divisor 
involves alteration in the formulae used in the .analysis of mixtures 
of sucrose and raflinose. The percentages of sucrose, S, and 
raffinose, 11, arc found from the formulae 

„ ^ o r)i4 ?— pi _ 0*33 P pi 

P'-and being the direct and invert polarisations at 20°C. 

V. Sazavsky recommends the use of a 6*/^ solution of tannin 
followed by basic lead acetates solution for clarifying raw beet 
products, and states that although commercial tannin is optically 
active, it is completely precipitated by basic lead acetate and 
thus introduces no error. It is said that tiolutions so treatf^d 
require no further clarification after inversion. H. T, Kalshoven 

« Ann. Repts., 1919, 4, 396. 

w J., 1921, 120 r. 

Ann. Repts., *i920, 5, 413. , 

Ini. Sugar J., 1921, 23, 217, 445 ; J., 1921^ 361a, 671a. 

Ibid., 1921, 28, 166, 276, 516 ; 1921, 271a, 443a, UbA. 

loc. cit. 
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and C. Sijlmans I® find Hiai clarification with basic lead nitrate, 
followed by aluminium SMlphato, is preferable to the use of basic 
lead acetate for Java cane molasses. 

According to J. Bacft’eau the rotatory power of mannitol is 
increased by arson ious acid espeoia^y in alkaline solution, and 
since the sugars in general are not affected by this reagent, 
mannitol, in admixture with sugars, may be determined by a 
j)rocess of double i)olarisation. 

Copper Reduction Metlmh. 

lliTzield's well-known gravimetri(t method for det(;rraining 
small proportions of invert sugar in ]uesen(;(‘ of suc^rose by means 
of Folding's solution cannot be used wluni the ])roportion of 
inv(‘rt sugar is less than 005%. A sampk* of sucrose containing 
()-()5% of invert sugar yields 50 mg. of c()i)])cV under the Herzfeld 
conditions, and sucrose freed as completely as possible from 
inv('rt sugai’ yi(dds 20 to 40 mg. of eoppiT. The need of a more 
delicate method has been felt by all who have had occasion to 
])urif;V' sucrose, intlu'r for standardisation or for bacteriological 
])urposes, and sevin'al methods of co])])(t induction designed for 
(h'fermining (‘xtnnuely small ])roportions of inv(‘rt sugar have 
be(‘n descrilu'd in r(‘cent years. Of these the latest is that due 
to A. Kraisy,”=‘ who uses a much more dilute solution than that 
of Hell ling, and leplaces the sodium hydroxide of the latter by 
sodium carbonate* ; the amotint of copper reduced is found by- 
d(‘tcj riiining the excess iodomcdrically. Kraisy found that whereas 
1(1 g. of purilic'd suciose yielded 8()-4J mg. of co])per from 
Fehling’s solution, it gave* only l-5-4-() mg. by his method, and 
he concludc's thr t^i^ is thus })ossible to deU*(5t as little as 0*002% 
of reducing sifl^ai i i refined sugar. 

It is a A\ell known fact that in the clarification of sugar juiges 
with basic k’ad acetate* a ce*rtain proportion of the* reducing sugars 
is precipitated, anel the solution, freed from excess of lead with 
sodium oxalate, carbonate, or chloride, is found to contain less 
re^ducing* sugaj' than tJie original juice. According to J. B. 
Harris, if the exc**ss of lead is removed by adding oxalic acid 
to the liej[uid containing the lead precipitate, the acid decomposes 
the*, insoluble compenind of lead and reducing sugars, and the 
clarified solution contains the whole of the^ reducing sugars 
originally present. ^ 

Arch. Sui.kcriud. NcdcrL-lndU, 1921, 29, 989; J., 1921, 863a; cf. 
Deorr, J., 1915,^503. 

J. rharm. Clmn., 1921, 24, 12 ; J., 1921, 597. 

Cf. Pellet^ Ann. Repts., 11^17, 2, 398 ; Beyersdorfer, Ann. Repts.y 
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It has long been known that Barfoed’s solution may be used 
for detecting monoses in presence of lactose or maltose, since, 
under certain conditions, it reduces the former but not the latter 
sugars. , Attempts to employ this reagelit quantitatively have 
not been very successful iq the past, but according to L. Le 
Grand,®® it gives accurate results under the following conditions : — 
5 c.c. of the sugar solution, containing not more than 0*1 g. 
of sugar, is boiled with 15 c.c. of Barfoed’s solution for 3 minutes 
in a conical flask. The amount of cuprous oxide obtained is a 
measure of the amount of hcxose ; and if the total reducing 
sugars are determined with FehUng’s solution, the amount of 
lactose or maltose is found by difference. The method should 
prove a most useful aid in the analysis of complex mixtures of 
sugars. 

C. A. Browne proposes an expeditious method for converting 
the cuprous oxide obtained in gravimetric determinations of 
reducing sugars to metal ; the crucible containing the oxide is 
heated to dull redness and plunged into the vapour of methyl 
alcohol. 

lodometric ifei/md.®’ , 

This method for estimating aldose sugars, which depends on 
the oxidation of the sugar to the con’esponding monocarboxylic 
acid, has been much investigated during the past few years, but 
it is only recently that the degree of accuracy attainable has 
been fully explored by H. M. Judd®® and by J. L. Baker and 
H. F. E. Hulton.®® The procedure adopted by these chemists 
consists in treating a solution of 0-1 g. of the sugar in 10 c.c. of 
water with 20 c.c. of A/10 iodine, and then with 30 c.c. of A/10 
sodium hydroxide, the mixture being allowed to stand for 
3-{> minutes, after which it is acidified with sulphuric acid 
and the excess of iodine titrated with A/ 10 thiosulphate. The 
reaction is not strictly quantitative, and carbohydrates other 
than aldoses show “ iodine absorptions ” which must be taken 
into account in analysing mixtures of aldoses and other sugars. 
Baker and Hulton have determined the ^ weights of iodine 
equivalent to 1 g. of the more important sugars under the 
prescribed conditions. Although the method is limited in its 
application ’to commercial products, owing to the fact that 
organic non- sugar substances absorb iodine in some cases, it is 
of considerable u^)ility in the examination of products such as 

Comptea rend.y 1921 , 172, 602 ; J., 1921 , 272 a . An^. Falsit, 1921 , 
14, 132 , 264 ; J., 1921 , 566 a , 783 a . 

®« J. Aasoc. Of Agric. Chem., 1919 , 8 , 261 ; J., 1920 , 829 a . 

Ann. Bepta., 1917, 2,394. 

** Biochem. J., 1520 , 14, 256 ; J., 1920 , 668a. 
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honey, which conkiin a lafge proportion of aldose, and of mixtures 
of pure or nearly pure sugars. 

Miscellaneous. 

G. Van B, Gilmour proposes to* utilise the observation that 
laevulose combines with boric acid to form a stronger acid, for 
the estimation of this sugar in invert sugar etc., a weighed 
quantity of the sample in Jf/10 boric acid solution being titrated 
with iV/lO sodium hydroxide. Gilmour gives figures showing 
the relation between quantities of Isevulose and volumes of alkali 
solution. The method appears to mark an entirely new 
departure in sugar analysis, and, like the iodometric method for 
aldoses, it may prove a useful aid in the analysis of complex 
mixtures of sugars. • 

A. Joncscu and V. Vargolici®^ recommend alkaline ferricyanidc 
solution for determining reducing sugars. Thus, 10 c.c. of a 
solution containing 46 ^g. each of potassium ferricyanide and 
potassium hydroxide is diluted wdth 20 c.c. of water and heated 
to boiling, the sugar solution being added until decolorisation 
occurs. If the sugar solution is coloured, 10 drops of 1% picric 
acid are added as indicator. Ten c?c. of the ferricyanidc solution 
is equivalent to 10 c.c. of 0*5% dextrose solution. 

Bruhns points out that artificial honeys prepared by the acid 
hydrolysis of sucrose contain dextrinous substances which are only 
partially hydrolysed under Clerget conditions, so that the total 
solids often amount to 3-5^0 more than the sum of the reducing 
sugar and “ sucrose ” found by the (/lerget raedhod. If, however, 
a 1% solution of*ihe honey in 0-06A hydrochloric acid is heated 
in a boiling wabVj)ath the dextrinous substances arc completely 
hydrolysed in the course of a few hours, and if the heating is con- 
tinued until the maximum reducing power is attained and a cor- 
rection is made for the destruction of laevulose during heating, the 
reducing sugar content so obtained agrees to within 0*5% of the 
total solid content. Bruhns also observes that partial hydrolysis 
of honey dextrins i^ the Clerget process may account for the small 
amounts of “ sucrefse frequently supposed to be present in genuine 
honeys. Bruhns’ opinion is supported by the writers’ experience 
according to which the dextrin isolated from genuine honeys 
undergoes some decrease in rotatory pow'^r when subjected to 
Clerget hydrolysis. Accord«ig to Bakker, *who used JoUes’ 
method for determining sucrose, honey does not contain more 
• 

»» Amlyst, 1921, 46, 3 ; J., 1921, 125a. 
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than 1 % of sucrose, and it is possible td detect <the addition of as 
little as 2 % of sucrose to genuine honey*; even if the bees are fed 
on sucrose, practically the whole of th/' latter undergoes trans- 
forinatign. This question of sucrose in Honey is important since 
the presence of more than a siyiall proportion is indicative of spurious 
or adulterated honey. Unfortunately there is some divergence of 
opinion as to the maximum amount of sucrose in genuine honey, 
and it seems unlikely that the limit can be fixed so low as that 
found by Bakker since much evidence of the occurrence of genuine 
honeys of considerably higher sucrose-content has been adduced. 
There certainly aj^pears to be reason for further investigation of 
the question. Genuine honeys which appear to contain more than, 
say, 1 or 2% of sucrose wlien t^ested either ])olarimetrically or by 
copper reduction before and after inversion should be tested by 
Joll(‘s’ method or by the iodomctric method before and after 
inversion. 

A committee of German chemists and manufacturers of arti- 
ficial honey has proposed the following with regard to this comes- 
tible. Artificial honey must be of good k(‘ej)ing (jualities, contain 
not more than 0-3% of ash, and possess a hon(‘.y-like aroma. The 
acids used for inversion must be technically pure and free from 
substances injurious to health*, and the free acidity of the product 
must not exceed 2 mg. equivakmt to 100 g. of honey. The dry 
substance-content must be at least 78% anJ the content of un- 
changed sucrose must not exceed 25%. Starch syrup and starch 
sugar, provided that they are of good edible quality, may be added 
to the extent of 20%. The aidificial honey must be so prepared 
as to give Fiehe's reaction strongly ; addition of genuine honey 
for flavouring is permissible. Further, the honqy must be vended 
in correctly labelled packages. 

For determining the dry substance in artificial honey, V. Stanek 
and J. Vondrak^'^ recommend (1) the refractomctric method applied 
to the undiluted material previously warmed if necessary to dissolve 
crystals, or (2) the following method : The sp. gr. of a mixture 
of the sample with an equal weight of water (in degrees Balling) is 
corrected for temperature if necessary, and tX^n multiplied by 2, 
and from the product 0-7° is subtracted to allow for the effect of 
contraction on dilution. 

G. L. 8penccr has devised an electric oven for the rapid deter- 
mination of watertin bagasse etc. A^ current of air, drawn through 
the oven by a vacuum pump, is first *heated by an electrical resist- 
ance and then passes into the drying chamber, the bottom of 
which is provided with an annular channel. The material to be 

’ A. Beythien, Chem.^Zeit., 1921, 45, }02f). • 

Z:Zmkerind. (jzechoshv., 1921, 45, 203 ; J., 1921, 40.2a. 
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dried is placed iiiinietal (Spsulcs, the bottoms of which are made 
of Monel metal filter cloth* The caj)sulcs fit tightly into openings 
in the channel which is C 9 nnected with the vacuum pump. With 
this oven bagasse can be dried in 30 mins, and raw^ sugar in 10 mins. ; 
whilst according to C. P. Meade the dry substance of honey, 
syrup, and molassc's may be accurately determined by absorbing 
the diluted (1:1) material in fine asbestos and heating for 20 mins, 
in the oven at 110° V. in a strong current of air. For purposes of 
factory control the oven should prove (extremely useful. 

To remove air from molasses in determining the s])e(;ific gravity 
of the latter pycnometrically, W B. Newkirk-*" att«ich(\s a bulb, 
provided with a stopcock, to tlu* pyraionuder. Th(‘ ])ycnom(to’ 
having been completely and tlu^ bulb })artly filled w ith the molasses, 
the apparatus is placed und(‘r r(‘duced pressure, and v\hen bubbles 
of air no longer collect in the bulb, the pyrmoifu^ter is disconiK'ctcd, 
stoppen^d, and weighed. 

For the determination of potash, c.r/., in molasses, F. SherrilP"" 
describes a method accf^i’ding to which the potassium is precipi- 
tated as cobaltinitrite in a cirntrifuge tube ; the volume of the 
precipitate, after (lentrifuging, is com})ared A\ith that obtained 
frofn a standard solution of potassium chloiide uiuhr similar 
conditions. 

STAKdr, Fniflin, ET(\ 

Starch —During tlu‘ past y(‘ar a large amount of j-esearch has been 
carried out on the nature of starch, and althougli tluu-e remains a 
tvide diverg('ncc of opinion as to the constitution of the starch 
complex, vtM’Y great ])rogress has been mad(‘. In particajlar the 
vork of Karrer au(l his colleagues, reha'ied to below, ap])ears to 
throw much ligh*^ this very dilhcult problem. 

The gelatinisaticai of starch by caustic alkali is rapid, even at 
the ordinary t('mperature, but A. Heychku- states.that if a solutfon 
of alkali hydroxide- of about ()-135 mol. per litre concentration is 
used, gelatinisation is slow enough for convenient observation 
under the microscope. Acids and some neutral salts in concen- 
trated solution exc^’t a similar action, but sulphates show the 
reverse effect ; tints sodium, ammonium, and magnesium sulphates 
cause, within a few minutes, complete coagulation of a starch 
paste which, without such addition, would only be paftially coagu- 
lated in 10 or 12 days. (burtonne^®“also finds tlTat at the ordinary 

temperature solutions of c<iitain chlorides cdliveil) starch into 

• 
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paste, and at 115° C. convert the latter ihto soluble starch, a satur- 
ated solution of magnesium chloride ibeing the most effective. 
Reychler’s microscopical observations, lead him to support 
Maquenne’s view that starch is composed of the two substances 
amylocellulose or amylose ai^d amylopectin. Maquenne’s theory is 
also supported by M. Samec and H. Haerdtl^®^ who state that starch 
can be separated by electro-dialysis into a highly viscous and electro- 
conducting fraction, amylopectin, and a non- viscous and non- 
conducting fraction, amylose ; the proportion between these 
constituents varies with different starches. The same workers find 
that all starches contain phosphorus, the amount of which ranges 
from 0-012% in tapioca to 0-112% in potato starch, and they assign 
mean molecular weights to various starches which range between 
the enormously high figures of 77,500 for maize starch to 260,000 
for maranta starch. ' Such values would seem to render the problem 
of the constitution of starch quite hopeless, but according to Karrer 
and his colleagues’®^ the true starch molecule is by no means so 
unwieldy. Thus, it is pointed out in the »first place that estimates 
of the molecular weight of starch based on the properties of its 
colloidal solutions must necessarily be far too high since such 
solutions are not solutions of individual molecules but of molecular 
aggregates. To arrive tit a true value for the molecular weight it 
is necessary to prepare starch derivatives which yield true solu< 
tions. Karrer and his colleagues have succeeded in this, preparing 
three methylostarches, of which the most highly methylated, 
CgH 803 ( 00113 ) 2 , forms a true caqueous solution with a molecular 
weight of 1200 at most, and it is concluded that the starch molecule 
contains not more than 6 dextrose residues. The number may well 
be less, and further work indicates that starcl] is a polymerised 
a-diamylose (maltose anhydride). Again, starch resembles the amyl- 
oses of Schardinger^®’* and Pringsheim^®® (not to be confounded with 
Maquenne’s amylose) in yielding acetobromomaltose when treated 
with acetyl bromide, and the heats of combustion of starch and 
these amyloses indicate that whilst a-octoamylose is the highest 
polymeric form of a- amylose possible, starch is probably a member 
of a series of products isomeric with the a-amyloses and possibly 
corresponding with a- tetra- amylose or j?-hexa-amylose. 

According to H. Tryller,^®’' starch is present, in the potato in the 
form of the potassium salt of starch-phosphoric acid ; in the process 
of manufacture, Jiowever, the potassium is replaced or partially 

Roll, Chem. Beihefte, 1920, 12, 281 ; J., 19C1, 272a. 
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replaced by calcium (and "ft) some extent by magnesium, iron, and 
manganese) derived from the water used for washing the starch. 

E. Herzfcld and R. Klkiger^®* propose a method for preparing 
various polysaccharides from plant tissues which involves jprelim- 
inary treatment with warm sodium .hydroxide solution ; it is 
claimed that this treatment effects the degradation of various 
impurities to products which are soluble in alcohol. Thus the 
preparation of starch is as follows : Fresh potato pulp or starch 
meal made to a paste with w^ater is heated with 33% solution of 
sodium hydroxide on the w^ater-bath, the alkali being added 
gradually until the bulk of the material has been converted into a 
transparent, mucilaginous mass. 'J'liis is strongly^ centrifuged to 
remove insoluble matter, the clear, viscid liquid then being warmed 
and treated with small quantities of 90% alcohol until no more 
precipitate is thrown down ; the bulk of the proteid matter, lipoids, 
etc. remains dissolved in the alkaline alcoholic liquor. The pre- 
cipitaU; is redissolved and precipitated three times and finally 
redissolved, neutralised ^\ith hydrochloric acid, and i)r^cjpitated 
with alcohol. The method is adversely criticised by M. Samec,^®® 
whq states that the alkaline treatment leads to an amylopectin 
product more or less deficient in amyloscs, or to disintegration 
products unlike the original starch 

According to a process for the manufacture of olarch from potatoes 
claimed by H. Wertheira and Nyitraer Starke-Industric-A.-G.,^^® 
the potato pulp, fret‘d from juice as far as possible, is treated with 
the minimum amount of water to r(‘movc the remaining extractive 
matter, the stanh being finally washed out wdth water in the usual 
way. It is stated that the process allows of the complete recovery 
of all valuable^ cof. ■ tuents and avoids the difficulties of dealing 
w ith wasti^ waters. R. H. Harvey claims a process for modifying 
starch in which the material is subjected to the action of an electfic 
current in a cond^icting bath until it has been converted into 
soluble starch. 

H. Liihrig finds that in Ewer’s polarimetric method for deter- 
mining starch slight alterations in the concentration of the acid 
used do not affect 4lic accuracy of the results, but the prescribed 
time of heating should not be exceeded. 

E. Horton finely that the method of determining starch by 
hydrolysis with taka-diastase is not satisfactory* different prepar- 
ations of the enzyme from Aspergillus oryzee giving widely divergent 
• 
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results. This difficulty may be oveivome bjr making control 
analyses of pure starch with each prejiaration of the enzyme before 
and during the period of its use. 

De/xtms . — According to J. V. Blake, erythrodextrin is best 
prepared from dextrins whi(‘h an^ of low amylodextrin-content. 
The dextrin solution is Ireati'd with dilute alcohol to precipitate'- 
amylodextrin, and the erythrodextrin is se])arated as a heavy 
liquid by adding more alcohol. On treating this liquid with 
ammonium sulphate, the erytlirodextrin sejiarates in a state of 
high jiurity. 

A recent process propos(*d by Zcdlstoff-fabr. Waldhof and V. 
Hottenroth for the manufaetun' of sugar and dextrin consists 
in treating wood or otIuT cellulosic material with suljihuric acid in 
quantity and of concentration insufficient to dissolve the cellulose. 
The mixtuie is allowed to stand for some tim(‘, then diluted with 
water and boiled. Thus, 1 kg. of sawdust recpiires 1 litre of 75% 
acid, and after standing some hours 14 litres of water is added ; 
the lignin remains undissolved and tin'- (Jextiin in the solution is 
converted into sugar by boiling. The whole of tlu' acid, if the 
dextrin is required as such, or the excess of acid above that required 
for converting the dextrin into sugar, is removed by dialysis; or 
it may be precipitated as ('alcium sulphate. 

Irmlm . — In view' of the pob'iitial economic inqxa'tance of inulin 
as a source of alcohol for power ])ur])oses, .the cln'mistry of this 
carbohydrate is of special interest. As long ago as 1S()7 Du- 
brunfaut^^® observed that during wint(‘r the inulin })resent in arti- 
choke tubers is transformed into sikm'osi' and an optically inactive, 
non-crystallisable sugar. Dubrunfaut's observation is partially 
confirmed by H. Colin,”’ whos(' cx])erim(‘nts lead to tlu' conclusion 
that during winter part of the inulin in the tub('i‘ Is transformed into 
suffrose whilst the remainder undergo('S ])rogressive degradation 
to laevorotator\ substances — Ipcvulosans — of h'ss Ijevorotatory 
power than inulin. These Igevulosans, unlike inhlin, are hydrolysed 
by invertase and f('rm('nted by yeast. Phenomi'na, essentially the 
same as the above, occur during the winter months in chicory roots. 
The Isevulosans are obviously identical with ttx'- inulides described 
by J. Wolff and B. deslin.”'* C\)lin ”-’also finds that dextrorotatory 
carbohydrates, elaborated in the leaves, server for the synthesis 
of inulin in the artichoke, this synthesis beginning in the stem and 
being completed in the tubers ; the inulin-content of the fully- 
grown tuber does^^not begin to dimhiish until November. 
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One of the nfosj valiiafJe coiiti ibutions to the chemistry of the 
carbohydrates for some years is that of d. C. Irvine and E. 
Steeled^® whose work throws much light on the constitution of 
inulin. These authors find that inulin (CoHioOs)^ can be succes- 
sively methylat(;d to di- and trimethylinulin ; since tlfe latter 
represents the limit of methylation, it* appears that inulin contains 
three hydroxyl groups in each ('cEioOs unit. Trimethylinulin, on 
liydrolysis, yields trimethyl- 7-fructose, and the latter can be con- 
verted into tetramethyl-7-fructose idtiutical vitli the tetraracthyl- 
fructose obtained by the hydrolysis of octamcthylsucrosc. Hence 
sucrose and inulin an* in close* stiuctural relationship, and, from 
the uniformity of the ])ro(lucts obtained in the various reactions, 
it is concluch'd that inulin is an aggr(*gat(* of 7-fructose residues, 
each ketoiK* molecule having lost two hydroxyl groups in the 
formation of llu* polysaccharide. • 

The above conclusions are su])p()rted by th(* observations of 
E. Bourquelot and M. BrideH-* on tin* action of inulase on inulin, 
and by the Avork of H . TVingsheini and A. Aronowsky’-- on tri- 
;ic(*tylinulin. 

A. T)arii(*l ^ has patent(*d a ])rocess for obtaining inulin and 
he\*ulose fi'om plant juices ifi which the raw material, (.f/., dahlia 
tubers, is heated with sti-ong alkalis, tin* foreign jnatt(‘r being 
th(*reby pi*ecij)itated oi' conv(*rted into an innocuous form. , 

(linn. Sor. Tmnx.. ]U2{), 117, 1 174 ; J.. J021, OHa. 

121 rnid., lUL'l, 172, IMG ; ,/., 1021, 402a. 

122 lirr.. 1021, 54, 12S1 : J.. 1021, 520 \. 

123 n.n. :}i:{,os(; ; 1020, :i7a. 




FERMENTATION INDUSTRIES. 

By Arthur Slator, Ph.D., D.Sc., F.I.C. 


Several matters of general interest to the fermentation industries 
have occurred during the year under review. With the official 
termination of the war on September 1st a large measure of decon- 
trol of the brewing industry came into effect. Beers no longer 
have to conform to an arbitrary average gravity, and this relaxation 
is a very welcome one. It is, however, hardly likely to cause any 
great increase in the average strength of beers, for the heavy tax 
of £5 per standard barrel still remains. The stoppage of the supply 
of coal in the early summer increased the importance of using fuel 
to its utmost advantage, and favoured the introduction of oil for 
heating purposes. The Institute of Brewing research scheme 
includes a systematic investigation of hops, and already some 
reports on the subject have been published. Timber for cask- 
making is also receiving attention, and the literature dealing with 
the evaluation of barley is being collected. A new section of the 
Institute has been formed at Burton-on-Trent. 

An interesting account of the reconstruction of the brewing 
industry of Northern France is given by E. Boullanger and H. 
Lloyd Hind.^ Since the last report was written some important 
lectures on matters concerning these industries have been delivered. 
A.rChaston Chapman took as his subject for three Cantor Lectures, 
“ Industrial Micro-biology,” and gave a very able account of the 
technical uses of micro-organisms. 

A tribute to the fundamental work and charming personality 

of the late Prof. Adrian J. Brown is paid by Prof. H. E. Armstrong* 

in a memorial lecture delivered to the Institute of Brewing. Many , 

matters of interest relating to fermentation chemistry are discussed, 

and although general agreement with all the arguments brought 

forward is unlikely, there is much in the lecture to stimulate thought 

and consideration. 

( 

Chemistry. 

This section of the report deals with the chcmistly of enzymes 
a4d fermentation. 


• ^ J. InaU Brew.f 1921, 27, 64. 
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Gqieral Enzymes. 

Many attempts are beir\g made at the present time to obtain 
information regarding the constitution of enzymes. 

T. Bokorny ^ has investigated the action of nitrous acid on enzyme 
preparations. Nitrogen is liberated, indicating the pres'ence of 
amino-groups. From pepsin he obtained nitrogen corresponding 
to 3*16% of amide nitrogen, and similar amounts were found 
with emulsin, rennet, and egg-albumin. Sulphurous acid, which 
is toxic to living organisms, he found no more poisonous to enzymes 
than sulphuric acid. The presence of free aldehyde groups in 
living protoplasm and not in the enzyme is advanced as an 
explanation. E. Rona* is also of the opinion that enzymes do not 
possess aldehydic properties. In experiments with pepsin, trypsin, 
amylase, emulsin, invertase, and maltase, he finds that reagents 
which would condense with an aldehyde group, do not generally 
render the enzyme inactive provided that the acidity of the medium 
is suitably adjusted. F. Battelli and L. Stern^ give further reasons 
for supposing that oxidisipg and reducing enzymes are identical. 

The influence of pressure on the activity of pepsin, tr 3 rpsin, and 
dnstase has been studied by S. Frankel and G. Mcldolesi.® Pressure 
usui;flly increases the rate, but the effect diminishes eventually. 

R. Willstatter and A. Stoll’ in 1918*endeavoured to prepare pure 
specimens of the enzyme peroxydase using the material obtained 
from horseradish. In another communication® a modified method 
of preparing the extract is described. The peroxydase is found 
to be almost completely adsorbed by aluminium hydroxide in 
50% alcohol, and the greater part of the enzyme is liberated by 
agitating the adsoiption product with an aqueous solution of 
carbon dioxide. B|^' making use of this propoity a very active 
preparation is dhtamod from horseradish. Hiis line of research 
is being developed with other enzymes and promises to give impor- 
tant results as to the constitution of enzymes and what is responsible 
for enzymatic activity. 

Amylase. 

W. Biedermann® contributes two important lengthy papers on 
diastase. He considers that this enzyme consists of a thermolabile 
zymogen and a thermostable co-enzyme such as an inorganic salt. 
The two can be separated by dialysis though difficulty* was found 
in rendering diastase solutions completely inactivef by this process. 

* Allg, Brau‘ u. Hopjmzeit.f 19f0, 705 ; 1921, 121 ; «/., 1921, 273 a, 556a. 

« JHochem. Zeits., 1920, *109, 279 ; J., 1921, 22a. 

® Chem. ZenUr., 1921, 92, 1., 332 ; J., 1921, 273a. 

* Biochem. ZeiUi., 1921, 115, 85 j J., 1921, 273a. 

’ Annalerif 19l8, 416, 21 j J. Chem. Boc.^ 1918, i., 565. ^ 

* R. WiUsttfiter and M. Bonne?, AnneUm, 1921, 422i»47 ; J*., 1921, 125 a. 

» EermentJorSch., 1920-1, 4, 258, 359 ; J., 1921, 403a, 623a. 
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Many salts were found to activate th/3 (Hizyme,' sodium chloride 
proving specially efficient. This author previously held the opinion 
that saliva ash is capable of autolysin^ starch. Others have not 
been able to repeat his experiments and ,W. Teschendorf^® ascribes 
the autolysis to infection by bacteria. Biedermann now abandons 
the view, and considers that starch grains contain traces of diastase 
which are not destroyed in the preparation of the starch. Saliva 
ash, when added to the starch solution containing traces of enzyme, 
activates the enzyme and causes the hydrolysis of the starch. 
By a process of repeated precipitation Biedermann obtains from 
saliva a substance which he names saliva-albuniose. This substance 
he considers to be the organic zymogen of diastase. It is inactive 
in aqueous solution, but in the presence of sodium chloride possesses 
diastatic properties as great as the saliva from which it was prepared. 

J. L. Baker anddl. F. E. Hulton^^ find that ungerniinated ryo 
amylase liqu(*fies ])otato-starch paste at 50^' C. and yields maltose 
and a-amylo-dextrin (R 1-5 ; [a]„ — 184-R). Barley amylase acts 
in a similar manner. The amylase of germinated rye under the 
same conditions givc's an unfermentable reducing dextrin (R 10*8 ; 
[tt]„ — 181 -11°) and maltose. Thei’e is no production of intermediate 
degradable malto-dcxtrins such as are formed by the acticn of 
malt q-mylase on starch. 

Ehizopus fritlcA is a fungus resjionsible for large losses of sweet 
potatoes and otluT vegidables under storage^ conditions. L. L. 
Harter^** has examined the powdered mycelium of the organism 
and found it to contain an active diastatic enzyme. 

A })apcr by H. von Euler and 0. 8vanberg^^ is of interest in 
comiexion with estimation of diastatic pow(‘r. The initial stage 
of the action of amylase on a solution of soluble starch is an 
unimolecular reaction, and the constant of th(‘ reaction can be 
used to measure the activity of tlie enzyme preparation. The 
constant K is- multiplied by the amount of maltose produced, 
and the product divided by the amount of enzyme used. This 
gives a figure (Sf) which characterises the activity of the amylase 
solution. The authors recommend that the estimation be made 
at 37° C. and the acidity of the solution b,e 5. By calcula- 
tion they find 1000 Lintner units =26Sf. 'A similar equation 
has been worked out by these authors to estimate the activity 
of invertase preparations.^* 

H. Olsson^® investigated the effect of silver nitrate and aniline 
on a preparation of amylase. A . concentration 2xlO"W silver 
Ibid., 1920, 4, 184 ; J. Imt. Brew., 1921, 27, 484. 

** Cfiem. Soc. Trans., 1921, 119, 805 ; J., 1921, 550a. 

J. Agrk. Res., 1921, 20, 761 ; J.JnsU Brew., 1921, 27, 266. 

Z. physiol. Chem., 1921, 112, 193 ; J., 1,921, 483a. 

Ann, Repts.,jL920, 423. * 

Z. physiol. Chem., 1921, 114, 51 ; J., 1921, 483a. ' 
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nitrate or of 0‘X[)N aniMne reduces the activity to one half. 
W. Windiscii,^ ® cominontii^ on the great effect of salts of heavy 
metals on the activity of amylase, points out that this effect is 
not likely to occur in the mash tub, for proteins and salts are 
]n'csent in abundance. Th(‘se would precipitate the melal and 
render it inactive. 

M. Samec and A. Mayer show that formaldehyde does not 
effect a degradation of starch at the ordinary temperature but 
converts it into a loose compound which is not coloured by 
iodine. 


hiverfa c. 

Most yeasts of technical importance contain invertase, and 
the (‘nzyme is prt'sent in other micro-organisms. 

H. von Euler*® gives the relative activity ol the enzyme in four 
organisms as follows Bottom fcTmeiitation yeast 100, top 
fermentation yeast 00, PenicilUum (jJaucnui 10, 
ni(}(ir 2 , » 

Invertase preparations caii be made from yeast, and several 
communications by H. von Euler and 0. 8vanberg^‘* on the 
properties of such pre])arations have ap])ear(Hl of late. 

Silver and mercury salts have a strong inhibiting effect on the 
enzyme, but the activity of the enz}mie can be restored by pre- 
cipitating the metal with In'drogen sulphide* I'he possibility 
of an -SH group in invertase is suggested. Aniline also renders the 
enzyme inactive, but the activity can be wholly restored by 
dialysis. In the case of poisoning by silver and mercury the 
activity can only hv partly restored by this process. Analyses 
of highly activ;^‘ jiarations of invertase obtained by dialysis 
show the presence of }>hosphorus, and the activity of the 
preparation was found to be approximately pro])ortional to the 
amount of phosphorus present.**® A dried inve]*tase preparation 
gave 0-16% P, 1-27*% N, 91-5% hexoses. 

R. Willstiitter and F. Rachc-* contribute an important paper on 
invertase obtained from yeast. These authors use a new method 
of }>reparation simijAr to that employed in isolating peroxydase. 
^^hey make use of the fact that the eiiz^nie is adsorbed by 
aluminium hydroxidQ,and by kaolin. They succeeded in obtaining 
highly-purifted specimens, more active than any sew far obtained and 
free from albuminoids and ymst gum. 

“ Woch. Bran., 1921, fs, l(>i). 

Koll-Cheih. Beih., 1920, 13, 165 ; J. Chen, Soc., 1921, 120, i., 400. 

** Fermentforscli., 1921, 3, 242. , 

Ibid., 1920,* 4, 29, 00, 142 ; J., 1921, 483a. 

Z. physiol, Chem., 19'^!. IIST, 282 ; J„ 1921, 482.J.. 

** Annalen, Ml, 436, I. ; J. Chem, Soc,, 1921, 120, i., 823. 
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Maltase. 

Maltase is an enzyme which is specially sensitive to acids. 
R. Willstatter, T. Oppenheimcr, and W. Steibelt find that the 
enzyme ' can be extracted from fresh yeast in the presence of 
toluene if precautions are taken to keep the solution neutral. The 
continual addition of small amounts of 1 % ammonia is one method 
of ensuring this neutrality. Another method which gives satis- 
factory results is to carry out the extraction in the presence of 
magnesium carbonate. The velocity of hydrolysis of maltase 
in solutions was found to be proportional to the con- 

centration of the enzyme present. R. Willstatter and W. Steibelt^^ 
find that the well-known toxic action of chloroform on maltase 
can be prevented by the addition of a suitable phosphate mixture 
to maintain the favourable alkalinity. This con rms the conclusions 
of W. A. Davis, who attributed the toxic action of chloroform 
on maltase prepared from plants to the presence of traces of acid 
or alkali. 


Carboligase. 

This is the name given to the enzyme of yeast which is shfown 
by C. Neuberg and J. Hirsch to cause condensations of the benzoin 
type. If benzaldelyde is added to a solution of sugar which is 
undergoing alcoholic fermentation by yeast, a hydroxyketone 
OeHs-CO-CHOH-CHg is formed. This is attributed to the inter- 
action of benzaldehyde and pyruvic acid, the latter being an 
intermediate compound in alcoholic fermentation. Yeast acts on 
the two aldehydes producing the same substance, but in the absence 
of yeast no reaction takes place. 

Fermeniation. 

The chemical mechanism of alcoholic fermentation is still 
attracting attention, and further evidence of the intermediate 
formation of pyruvic acid and acetaldehyde is forthcoming. 
C. Neuberg and E. Reinfurth^® use a new reagent to “fix” the 
acetaldehyde formed as an intermediate* compound during 
fermentation, Dimethylhydroresorcinol readily forms condensation 
products '\^ith aldehydes, and if fermentation is carried out in 
Ihe presence of this substance, the insoluble condensation product 
settles out with" the yeast. The <amount of aldehyde “ fixed 
by this method is less than that “ fixed ” by a sulphite. 

.22 Z. physiol Chem., 1920, 110, 232 ; J. Inst. Brew., 1921, 27, 193. 

22 Ibid., 1920, 111, 157 ; J., 1921, (>5a. 

2 « Biochem. "J., 1916, 10, 34. , ' ^ 

^^:Biochem. Zeit^., 1921, 115, 282 ; J., 1921. 404a. 

Hid., 1920, 106, 281 ; J. Inst. Brew., 1921, 27, 41. 



fkrment^on industries. 451 

• 

Zinc and cadmium safts, according to S. Kostytschew^’ and 
his co-workers, S. Subkowa and L. Frey, act on the reducing 
enzymes of yeast rendering them inactive. If alcoholic fermenta- 
tion is carried out by ticad yeast cells in the presence .of these 
salts, large amounts of aldehyde ar^ produced. The absence of 
reducing enzymes, which transform aldehyde to alcohol, accounts 
for this result. 

Aldehyde appears to play an important part in the decomposition 
of sugar in many biochemical processes. C. Cohen 1 nds it during 
the fermentation of dextrose by moulds, and C. Neuberg, F. F. Nord, 
and E. WolfE“® can detect it when B. lactis aerogenes acts on this 
sugar. 

0. Neuberg and W. Ursum^® have further investigated the effect 
of alkaline substances on fermentation. Uyder such conditions 
some of the aldehyde is transformed into ethyl alcohol and 
acetic acid, and the final products consist of glycerol, acetic acid, 
ethyl alcohol, and carbon dioxide. 

The initial stages of« alcoholic fermentation by preparations 
from yeast proceed comparatively slowly. This period of induction 
lias been investigated by A. Harden and F. K. Henley, who 
finef that the reaction is much acyelerated by the addition of 
aldehyde and methylene blue. They attribute the slowness of the 
initial stages of fermentation to the absence of a hydrogen 
acceptor which is normally formed in a later stage of fermentation. 

CH 3-COCOOH-^CH 3CIIO +00 2-CH3C3 [ s-OH + CO 3. 

The influence of salts on this induction period has also been 
investigated. In living yeast the absence of catalysts of an 
aldchydic natijri^ !dom occurs, and these induction periods arc 
(dthcr absent or much less pronounced. 

C. Neuberg and M. Sandberg have tested the influence ‘of 
71 aldehydes on fermentation and found an accelerative influence 
in all cases. The effect on fermentation by yeast maceration 
juice is most marked. 

Fermentation by living yeast differs in many ways from that 
by yeast juice, dried yeast, and other pr^arations of yeast. The 
writer pointed out some years ago^® a difficulty in applying 
Harden’s equations .of alcoholic fermentation to Uving yeast 
J. Giaja®^ does good service in pointing out somew other differences. 

2’ Z, physiol. Chem., 1920, 111, 126, 132 ; J., 1921, ^I6a. 

Biochem. Zeits., 1920, 112, 139 ; J., 1921, 66a. 

2“ Ibid., 19^0, 112, 144 ; J., 1921, 66a. 

Ibid., 1920, no, 193 ; J, Inst. Brew., 1921, 27, 133. 

Biochem. J*., 1920, 14, 642 ; ’1921, 15, 175, 313 ; J., 1921, 624a, 
Biochem. Zeits., 1929, *109, ^90 ; J., 1921, 93a. * 

33 J. Inst. Brew., 1911, 17, 153. 

3* Brass, et Dist, 1921, 19, 323 ; J. Inst. Brew., 1921, 27, 479.* 
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Zymase has a fermentative activity ohly about 5% of that of 
the original yeast from which it is prepared. The addition of 
toluene to living yeast also reduces the activity to about the same 
extent. . This great diminution does not acTmit of easy exjilanation, 
and Giaja considers that on^y about 5% of the activity of living 
yeast is due to zymase, and that the main part of fermentation 
proceeds by some other process. The possibility that living yeast 
contains stimulants to zymase and that these are absent in yeast 
juice may, however, account for the great activity of living yeast. 

The fermentation of galactose shows jieculiarities which do not 
occur in the fermentation of dextrose, laevulose, and mannose. 
Some yeasts, if grown in a nutrient medium containing galactose, 
ferment this sugar, other yeasts do not. Moreover, if yeasts 
which give positive ^^csults when tested in this manner are intro- 
duced into a solution of pure galactose, very little evolution of 
carbon dioxide takes place, unless growth in the presence of the 
sugar occurs. Tlic present writer found that the rate of 
fermentation of galactose by yeast growh in wort was less than 
1% of that of glucose. H. von Euler, I. Laurin. and A. Petterson 
find the rates of fermentation of the tw o sugars by a top fermenta- 
tion yeast to be in the ratio 1, to 50. If correction were made for 
the autofermentation of the yeast the rates would diverge still 
further. It is doubtful if any galactose at all disappe^ars under 
these circumstances. Yeast grown in the presence of galactose 
gives a crop which ferments the sugar, in some cases even more 
rapidly than glucose. The means by which yeast adapts itself 
to ferment this sugar is of much interest, and has been studied 
by H. von Euler and his collaborators. Aqueous extracts of 
dried yeast accelerate the process, and lie obtains an adaptation 
of the yeast by previous treatment of the yeast with galactose 
solution. The adaptation can take jilace apparently without a 
cell increase, though when large amounts of yeast are put into 
a galactose solution some of the cells die, and yeast counts may 
not detect the production of new yeast. H. E. Arrnstrong®’ 
expresses doubt as to the capability of yeast to adapt itself to 
ferment galactose, and regards the jiroductioA.of an active yeast 
as due to the survival and growth of a few cells which possess 
this property. * 

If, however, onb starts with a single yeast cell which does not 
ferment galactose* and by suitable growth obtains a yeast crop 
which docs ferment the sugar, adaptation* or acclimatisation has 
taken place somew^here. The fermentation of galactose is of little 
technical interest, but it affords aq example of the influence of 

.^5 Chem. Soc*Trans., 1908 , 93, 224 ; J^, 1908 , 241 . 

•« B'lochem, Zaits.^ 1921 , 114, 277 . 

J. tn^t. Brew,, 1921 , 27 , 230 . 
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environment oA the chanacteristics of micro-organisms, and this 
is of much importance. . 

J. O’Sullivan publishes some experiments on the fermentation 
of worts containing added sugars. He finds that when cane 
sugar, invert sugar, maltose, or dextrose is added to the dxtent of 
15% to malt wort of an original graVity of 1061 degrees, all the 
fermentable sugars are acted on by the yeast. If larger quantities 
of sugar are added some of the sugar is left unfcrmented. The 
retarding influence of the alcohol produ(;ed is great as soon as the 
concentration amounts to 5% by volume. 


AnAJA'ILS. 

Malt. 

The extract from coloured malts, flakec^ maize, and similar 
brewing materials, is estimated by mashing, either with malt or 
with an aqueous extract of malt. In the method recommended by 
the committee of th(‘ Institute of Brewing, malt extract is used, 
and this method has the* advantage in that only a small correction 
is required for the extract which is added to bring the material 
mt^ solution. 0. G. Matthews^* gives reasons for pref(?rring the 
use of malt itself. He mashes 40 g. of standard malt (diastatic 
capacity 35^' ^5" Lintner) with JO g. of coloured malt. In spite of 
the large coiTection, due to the addition of so much standard malt, 
he concludes that this method gives usually more reliable result.^. 

W. Windisch and P. Kolbach’® have studied various methods of 
obtaining the extract of raw grain (maiz(‘ and rice). They 
recommend filtered malt extract for the purpose of dissolving the 
material, and giv^ details as to time and temperature. C. Chabot 
and M. H. vanJi<if*.' ' describe some experiments on determinations 
of malt extracts. They find that by adjusting the acidity of the 
mash, they obtain higher extracts which more closely approsfbh 
those found in jii'actice. F. Eckhardt*- finds the analysis of 
brewery grains of value in controlling brewery extracts. He 
estimates the percentage of moisture, the specific gravity of the 
liquid obtained by pressing the grains in a small hand press, and 
the percentage of • findissolved extract rejiiaining in the grains. 
This undissolved extract is obtained in solution by use of malt 
extract. • • 

In determining extracts, original gravities, and densities of various 
solutions, a pyknometer is generally used. Variations in baro- 
metric pressure make* slight differences in the apparent weight 

^8 Ihid., lo’l, 27, 93 ; J., 1921, 273a. 

Ibid., 1921, 27, 22 ; J., 1921, 158a. 

^0 Woch. Bran., 1921, 38, 57 ; -/., 1921, 444a. 

" Bull. Soc. Chim. Belg., 1921, 30, 253 ; 1921 ,*745 a. 

Z. ges. Bramv., 1921, 81 ; J„ 1921, 597a. 
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of the vessel, and if great accuracy is desired, C9rr\3ctions have to 
be made. H. Keil^® describes a method of making these correc- 
tions automatic. He uses a counterpoise of approximately the 
same weight and volume as the pyknonjcter when the latter is 
filled with water. The method has received official recognition in 
Germany. ' 

Several communications on the diastatic power of malts have 
appeared during the year, though there is nothing very novel to 
record. J. L. Baker and H. F. E. Hulton^^ prefer the iodomctric 
method of estimating the maltose formed by the action of malt 
extract on soluble starch. The method employed by W. Windisch^® 
and P. Kolbach is very similar. G. Roeder^® suggests a method 
which closely approximates to that recommended by the Institute 
of Brewing Committee.^’ There seems little reason to depart 
from this latter method, except in the one particular discussed in 
last year's report. A “ buffer ” salt to ensure neutrality during 
the action of malt extract on the soluble starch is a distinct 
advantage. 

Alcohol. 

A. Lachman describes a rapid volumetric method of determining 
alcohol in aqueous solutions containing 20% alcohol and more. 
The method depends on the solubility of aniline in mixtures of 
alcohol and water. A definite weight of aniline (25 g.) is mixed 
with a definite volume (50 c.c.) of aqueous alcohol, the strength of 
which is to be found. Water is added until tui'bidity occurs. 
From the volume of water required the strength of the alcohol can 
be determined. Several corrections have to be made, and tables 
are necessary to carry out the calculations. In control work with 
samples varying to a comparatively limited e!fetent, the author 
claims that the method is rapid and accurate. H. Rosset®® 
describes a somewhat similar method for estimating the strength 
of fairly concentrated solutions of alcohol. Tlte method depends 
on a determination of the miscibility temperature of a mixture of 
acetone, petroleum spirit, and aqueous alcohol. The presence of 
methyl alcohol in ethyl alcohol is usually detected by oxidising 
the mixture and testing for formaldehyde. F. Rabe®^ recommends 
the use of resorcinol-sulphuric acid for the purpose. Modifications 

« Woch. Brau.,^Vm, 38, 95 ; ,/., 1921, 444a. 

Analyst, 1921 46, 90 ; J., 1921, 272a. 

Woch. Brau., mi, 38, 149 ; J., 19il, 597 a. 

‘8 Ibid., 1921, 38, 5 ; J., 1921, 158a. * 

J. Inst. Brew., 1900, 23, 6. 

*8 Ann. Repts., 1920, 5, 430. , 

- ** J. Ind. Eng. Ghem., 1921, 13, 230 ; J., 1921, 274a 
Ann. Ghim. Anplyt., 1921, 3, 235 ; J., 1921, 712a. 

Phavm. ZeU., 1921, 66, 72 ; J., 1921, 169a. 
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of the well-kncftvn metho^ of Denig^s, in which formaldehyde is 
estimated colorimetrically by Schiff s reagent, are suggested by 
R. M. Chapin and by R.* Sieber.^^ 

Starch. 

Recent advances in the chemistry ^of starch are discussed else- 
where, and reference is made here only to two papers which are 
of interest in the estimation of starch in the raw material of the 
fermentation industries. 

The taka- diastase method elaborated by Davis and Daish®* has 
been used by E. Horton to estimate starch in wheat. He found 
that the apparent amount of starch varied according to the amount 
of enzyme used, and different specimens of enzyme gave different 
results. He therefore reinvestigated the method, and came to the 
disappointing conclusion that it cannot be implicitly trusted. 
Even in skilful hands inconsistent results* are obtained. The 
evidence on the whole points to incomplete conversion of dextrin 
into dextrose and maltose by the enzyme preparation. C. Mannich 
and K. Lenz*^® dcsciribf a method of estimating starch by dis- 
solving it in boiling calcium chloride solution, A\'hich is made 
slightly acid (N /500) with acetic acid. The solution is filtered and 
the starch estimated by the polarimetcr. If other optically 
active substances arc? present, correction has to be made for them. 
This is done by carrying out a ' blank ” experiment using cold 
calcium chloride solution, which dissolves these substances but 
does not dissolve starcli. 

General. 

The importance of the hydrogen-ion concentration in worts 
and beers is ger orally I’ocognised, and descriptions of measuremehts 
of such concftntrlUuns, and some applications of the results, are 
given by R. H. Hopkins ” and by L. S. Mcdalia.^® The refracto- 
meter is an instrument which would probably find more applicaUion 
in the fermentation industries if it were not so expensive. K. Geys®® 
uses the Zeiss instrument for determining the strength of worts 
in malt analysis, and finds that such determinations agree well 
with those estimated by the pyknometer. This refractometer 
is also used by 'Vr Lange and G. Reif®® to estimate methyl and 
ethyl alcohols in spirits, medicines, etc. 

“ J. Ind. ElUj. Chern., 1921, 13, 543 ; J., 1921, 712a. 

” Papier-Fabr., 1921, 19, ISO; ./., 1921, 274a. * 

J. Ayric. Sci., 1914, 6, l-V ; J. Inst. Brew., 19W, 20, 718. 

*>5 Ibid., 1911, 11, 2-fO; J. Inei. Brew., 1920, 27, 594; J., 1921, 745a. 

Z. UnUtrs. Nahr. Qenussm., 1920, 40, 1 ; Inst. Brew,, 1921, 27, 327. 

« J. Inst. Brew., 1921, 27, 401. 

68 Bull. Bitreau Bioledm., 195l, 3, 55 ; J. Inst. Brew., 1921, 27, 561. 

68 Z. ges. Brauw., 19^1, lOfik; J., 1921, 597a. • 

6» Z. Untifrs. Nahr. Genussm., 1921, 41, 21C ; /.,*1921, 598a. 
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A. R. Ling and D. R. Nanji®^ describe an improved method of 
estimating pentoses and pentosans. The material is distilled with 
12% hydrochloric acid and the furfural collected in the distillate. 
The furfural is subsequently precipitated with phcnylliydrazine 
and the 'bxccss of the latter reagent estimated by moans of iodine 
solution. A sample of arabinosc estimated by this method and 
by the pliloroglucinol method gave results in close agreement. 

The usual method of (‘stimatiiig sulphurous acid in wines, beers, 
etc. consists in distilling the liquid with j)hosphoric acid in an 
atmosj)here of carbon dioxide. The sulphur dioxide is collected 
in a solution of iodine, and the sul])huric acid produc(‘d estimated 
gravimetrically. V. Frob(K‘se®- recommends distillation into sodium 
bicarbonate solution, oxidation of the sulphite with hydrogen 
peroxide, and titration of the excess of alkali with standard hydro- 
chloric acid. '• 

Macheleidt®^ describes a gravimetric method of estimating 
carbon dioxide in beer. The bottle of beer is cooled to prevent 
escape of gas, and then opened. Ammonia is immediately added 
and then ‘ magnesia mixture ’ to precipitate phosphates. The 
carbonat(‘ in the filtrate from such solutions is estimated by precipi- 
tation with calcium chloride, and sul)sequently converting tlie 
calcium carbonate into oxide ‘by ignition. T e writer described 
last year a method of estimating carbon dioxide by distillation 
under reduced pressure.®^ The apparatus caai be easily adapted 
to estimate carbon dioxide in beer. 

Barley and Malt. 

A detailed account of the harvesting, storage, and drying of 
barley is given by A. Cluss, W. Kluger, and V. Koudclka.®^ The 
experiments were carried out on 1913 barleys anVl 1914®® barleys. 
To improve the quality and germinating power of the grain they 
recommended drying to reduce the moisture contents to about 
12%. The best time they consider to carry out the process is 
after about 6 w^^eks’ storage. 

The influence of the quantity of seed, and the method of sowdng, 
on the yield of bark^y has been examined by R^. Iversen®’ in Den- 
mark. Seed sowm broadcast gives results almost as satisfactory 
as when the seed is sowm in lines 10 cm. apart. The quantity 
of seed is of more importance than the method* of sowing. 

Biochem. J., 1921, 15, 46fi ; In,Ht. Brew., 1921, 27, 562 ; J., 1921, 
752a. '* * 

“2 Chem.. Zentr., 1921, 92, IV., 225 ; J., 1921, 641a. 

Z. ges. Brauw., 1921, 130 ; J., 1921, 634a. 

«« J., 1921, 149t. 

Z. (jea. Brauvi; 1920, 43 , 353, 361 ; J., 192Ji, 22 a. 

«•» Ibid,, 1921, 44 , 4, 

J. Inst. Brew., 1921, 27, 474. 
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G. von Ubisch®^ has stifdiod from a botanical point of view the 
crossing of B. Spontaneum with different varieties of cultivated 
barley. Other results qbtaincd by cross-breeding barleys on 
Mcndelian lines are deseribed by F. L. Engledow.®® 

Some useful information about the |920 crop of barley of British 
and foreign sources is given by J. Stewart'® in a review on the 
barley situation. 

Bavarian barlej's of 1921 are discussed by G. Fries. The 
moisture contents he finds low, averaging 134%. Nitrogen 
occurs in normal amount. Starch contents and extracts arc high, 
and the germination is good. 

G. Gentner’- describees an aerobic rod-shaped micro-organism 
(B. cfrealiuni) which causes brown stains on the stem and leaves 
of the barley ])lant. T e bacillus can atta(‘4v damp barley, and 
is not easily eradicated by treatment of the grain with anti- 
se])ti(!s. 

F. A. Mason e-ontributes a very useful summary of the injurious 
insects which can dc'strdy barh'v and malt. An account of the 
(‘ffcct of as])hyxiating agents on some of these insects is given. 
Troyodmm khapra, a beetle probably brought over in shipments 
of Indian barley, is a new pest to ihis country. It is specially 
resistant to adverse circumstances, but the ai>})lication of hypo- 
chlorites and fumigation with chlorine proved to bo efficient in 
destroying the insect. 

Hops. 

The investigation of hoi)S is one of the prominent features in the 
Institute of Br('\5/ng Hesearch Scheme. Tlie breeding of new 
varieti('s is taWng at the South Eastern Agricultural College, 
Wye, and at the East Mailing Research Station. An account pf 
the distinctive eliaracteristics of 22 new varieties grown in 1920 
is given by E. S. Si»lmon.'^'‘ They have been examined with regard 
to fruitfulness, aroma, resins, and resistance to disease. Many 
of these hops have now been grown for four years, and some inter- 
esting facts are conning to light. Several characteristics of the 
hops have appcarctl each year. The high or low^ total-resins- 
content remains relatively constant for each variety. The 
percentage of hard I'bsin to total resin is a distinctive varietal 
character. 

"« Jbid., 1021, 80. , 

J. Agric. Idci., 1021, 11, L>0 ; J. Inst, Brew., 1021, 27, 551. 

J. Inst. Brew., 1021, 27, 20G. 

Z. ges. Braiiw., 1921, IGl ; J*. Inst. Brew., 1921, 27, 588. 

Ann. Brass, et Dist., ^921, 19, 201 ; J. Inst. Brew., #921, 27, 187. 

J. Inst. B^cw., 1921, 27, 345 

Ibid., 1921, 27, 451. 
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A. H. Burgess contributes a cominunication*^on the drying 
of hops. Temperature records made with self -registering ther- 
mometers were taken in fifteen castings of hops. The temperatures 
of drying vary in kilns between 135° F.'j^nd 183° F., the average 
being 158° F. 

A description of hop-picking by machinery is given in the 
Brewers^ Journal?^ 

E. S. Salmon’" publishes some useful information on the control 
of hop “ mould.” Great stress is laid on the efficacy of early 
sulphuring. Unadulterated flowers of sulphur is recommended 
for the purpose, and the disinfecting should be started in May. 

A. R. Ling and D. R. Nanji’® describe a rapid polarimetric method 
of estimating tannin in hops. The method is a modification of 
the one elaborated by A. C. Chapman.’® The process consists 
in precipitating the tannin in the hop extract with cinchonine 
sulphate. Whilst in Chapman’s method the cinchonine tannate 
is collected and weighed, in the new method the amount of cincho- 
nine precipitated by a definite extract of hops is estimated by the 
polarimeter. In spite of the change in rotation of the solution 
being rather small, the results show satisfactory accuracy. 

• 

Brewing. 

The chemical reactions which occur in the mash tub can only 
be satisfactorily carried out in slightly acid solution. The presence 
of “ buffer ” salts and the natural acidity of malt usually ensures 
this acidity. The removal or neutralisation of bicarbonate in 
brewery water before mashing may in certain cases be advisable, 
and is a matter which has been frequently discussed. Softening 
the water with lime and the lactic acid treatment are critically 
examined by F. M. Maynard.®® P. Petit®^ suggests the addition of 
sulphuric acid. . The method is no doubt effective, but hardly to 
be recommended. « 

The use of malt substitutes for brewing purposes is now permitted 
in Germany. W. Windisch®® gives a description of the, brewing 
properties of maize and rice. He finds no deterioration in the 
yeast when these adjuncts are used in reasonable amounts.®® 
Many German malts he finds lacking in diastase and unsuitable 

’S Ibid., 1921, ?7, 180 ; J., 1921, 362a. 

’* Brewers' J., 1921, 426. 

” J. Ministry Xgric,^ 1921, 28, 150 ; C. Inst. Brew., 1921, 27, 392. 

’® J. Inst. Brew., 1921, 27, 310 ; J., 1921, 556a. 

’» Ibid., 1907, 13, 646. 

Ibid., 1921, 27, 493 ; Brewing Tra^e Review, 1921, 417. 

* 81 Brass, et Afalt., 1921, 10, 321 ; J. Inst. Brew., 1921, ‘27, 130. 

’ 82 Woch. Brau., 1921, 88, 9 ; J., 1921,* 158a. ‘ 

83 Ibid., 1921, 38. 52 ; J. Inst. Brew.., 1921, 27, 269. ' 
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for the purpose of mashing with raw grain. L. M^lard*® con- 
tributes an interesting aQCount of the action of proteins in the 
brewing process, and many of his conclusions agree with H. T. 
Brown’s well-known worjc on the subject. He considers that worts 
should not contain too much assimiable nitrogen, as they’ferment 
slowly and give rise to an unstable Ibeer. H. T. Brown, on the 
other hand, whilst obtaining many valuable results in his work on 
the subject, finally came to the conclusion that there is no very 
definite relationship bctw^een assimiable nitrogen and the sub- 
sequent growth of bacteria and wdld yeast in the beer.®® 

P. Petit®’ finds that worts brewed from 1921 malts (in France) 
do not ferment sufficiently far in the brewery. He recommends 
the addition of a vigorously fermenting sugar solution in place of 
the usual wort Kriluscn to ensure a more complete fermentation. 

F. Schdnfeld®® summarises his view's on the factors which 
influence! the “ secondary ” fermentation of (lager) beer. The 
fermentation he discusses is in reality a continuation of the primary 
fermentation in the lager vessels. He points . out that the 
presence of a fermentable sugar, and sufficient yeast in suspension, 
are tw^o big factors controlling this conditioning of the beer. The 
terTdency of the yeast to clot and fall to the bottom of the vessel, 
the fermentative activity of the yeast, agitation, and temperature 
of storage, also play a ])art. Of great importance is the small 
quantity of oxygen absorbed by the beer on transference to the 
lager vessels, Tliis absor|)tion causes a re-growth of the primary 
yeast and an increased after-fermentation. He further points out 
that the yeast at this time tends to get covered with an albuminoid 
deposit from the beer, and this causes the yeast to coagulate and 
lessens its activity. Yeast has a means of protecting itself against 
this albuminoid poison,” as it contains peptic enzymes which 
exert a solvent action on the mucous layer. These results are*of 
interest to brewers in this country, for the fermefitation discussed 
by Schdnfeld corresponds to the conditioning of beers in cask after 
racking.^ The use of “ priming ” to supply an easily fermentable 
sugar, the importance of having a certain amount of primary 
yeast left in the b,i^r, the influence of oxygen, and the effect of 
colloidal substances precipitated from the wort, are all matters 
which have been dii^ussed by our chemists. , 

E. R. Moritz®® contributes an interesting paper on refrigeration 
and flocculation. Worts containing unflocculated amorphous 
• 

8* Ibid., 1921, 38, 143 ; J. Inst. Brew., 1921, 27, 477. 

88 Brass, et Dist., 1921, 19, 348, 364 ; J. Inst. Brew., 1921, 27, 475. 

«« J. Inst, l^rew., 1916, 22, 343. 

8’ Brasserie and Malt^rei, 1921, H, 129 ; J. Inst. Br^,, 1921, 27» 519. 

88 Througl^Brewmgf Trade Iteview, 1921, 290. 

89 J. Inst. Brew., 1921, 27, 625. 
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matter produce beers which tend to show a haze a'nd are liable to 
wild yeast troubles. To overcome these troubles, H. T. Brown 
advocated agitation of the -w'ort during cooling to aid flocculation. 
Moritz gives as his experience, that a long smooth travel of the 
wort in the refrigerator is the best means of obtaining the desired 
flocculation, though, so far, no explanation of ti e result is forth- 
coming. 

Oxalates occur in small quantities in brewery worts. Calcium 
oxalate mixed with organic substances is deposited as a hard layer 
on the surface of the refrigerator tubes, wort mains, and fermenting 
vessels. This scale is objectionable and difficult to remove. The 
origin of the oxalic acid is of some interest. A Bau,“® by use of 
the calcium acetate reagent, finds 0-004% of oxalic acid in fresh 
hopped beer wort. IJn opped wort contained about half the 
amount. Hops s owed from 0-57 to 0-05%, calculated on the 
dried substance. 8terilc hopped wort, after standing sevTn months 
showed rather more than 80% of the total oxalate in the residue, 
leaving only 0-0007% in solution. 

Brewery plant is at the ]>resent time leceiving a considerable 
amount of critical examination. The mash tub is considered an 
inefficient vessel, and its replacement by a mash filter is advocated 
by F. M. Maynard. Ti c claim is made that it is possible to 
w^ork wdth finely ground malt, and that higher extracts and more 
concentrated w^ort are obtained. Many other suggestions regarding 
the practical application of modern methods in the brewery are 
given in the publication. 

L. PieiTC®-^ discusses some recent improvements in steam-heated 
coppers. He estimates that the amount of steam required to 
evaporate 1 lb. of water from the w ort is, in practice, about 1-67 lb. 
If it were possible to recover the heat from the steam of the boiling 
wort, and use it efficiently, the consumption of only 0-67 lb. of 
steam from the boiler would be necessary. To obtain this economy 
he proposes to use a jet of live steam from an ifijector to compress 
the steam from the boiling wort, and send it, mixed with the 
injector steam, into the 1’ eating coil of the copper. 

In the Burton union system of cleansing beevs, the latter part of 
the fermentation takes j^lace in a series of casks each of capacity 
about 150 gallons. An improvement in tlic process is taking 
place at the present time. It has been found 230ssible to replace 
the oak casks by £\. large metal cylindrical drum, fitted with “ swan 
necks,” wdiich discharges the barm intba trovgh in the usual manner. 

G. Defourny®^ describes a method of increasing ,tho efficiency 

Woch. Brau., 1921, 38 , 113 ; J., 11K21, 557a. 

J. Inst. BrcKv., 1921, 27, 499 ; Brewing Tr^e Review, 476. 

Ann. Brass, cl Bist., 192U, 10 , 277 ; Inst. Brew., 19,21, 27 , 86. 

Ann, Brass, cl DuL, 1921, 19 , 216 ; J. In^f. Brew., 1921, 27 , 263. 
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of the rcfrigerafoi; in breA\«eries. The device consists in restricting 
the inner area of the tu^es by the presence of interior smaller 
tubes closed at both ends. The cooling water circulates in the 
narrow annular spaces* so produced, and is thus used more 
elhciently. * 

H. Lloyd Hind gives an interest ing'account of the bottling plant 
of the Carlsberg brewery. Nin(‘toen-twentieths of the output of 
the brewery is bottled, and the arrangements are such as to deal 
with over a million bottles piu* day. 

A concise account of the processes involved in malting and 
brewing is given by A. L. Stern in Vol. T. of Thorpe's DicAionarij of 
Applied Cheynisiry. 

F. M. Maynard has continued during the year his detailed 
description of lager beer brewing. 

Disinfectants. 

Disinfectants find much use in the fermentation industries, for 
in the pr(‘paration and storage of the raw material, and in all 
stages of the fermentation jirocess, damage is likely to occur owing 
to tlie action of insi^et pests and micro-organisms. The record of 
the* experience of various investigators is therefore of interest. In 
the -work by F. A, Mason on malt and barley ])ests, to which 
reference has ali’eady la^en made, (chlorine and hypochlorities were 
found of great use in eradicating the insects. Otiier disinfectants 
are discussed, (/arbon bisulphide was at one time recommended 
by the Board of Agricultui-e, but now linds less favour. Like 
benzene, which is also efficacious against all insects, it is highly 
inflammable, and the use involves considerable risk. Exiieriments 
with ])entachloroeyaau ‘ are described by T. Parker and A. W- Long.®® 
E. K. Rideal ailJ Lb R. Evans,®' in discussing the use of hypo- 
chlorites, show that the germicidal action is closely allied to the 
oxidising power, and this is greatly depressed in alkaline solutioAs. 
Acid solutions ar« therefore likely to be more effective than 
alkaline ones for disinfecting purposes, though for storing such 
solutions alkaline ones are to be preferred, as they are more stable. 
R. Heuss®® investigated the germicidal power of hypochlorites 
prepared on a small scale electrolytically. He found that as far as 
wild yeasts are concerned hypochlorite solutions, though alkaline, 
are effective disinfeefcants. • 

P. Malvczin*® proposes the use of foi malAchyde-sulphurous 
acid CHalOHjSOaH for disyifecting. A !%• solution sprayed 

J. Inst. Brew., 1921, 27 , 25. 

Brewers'* J., 1921, 40, etc. 

"'■* Bull. Bureau of Biotechnology, 1921, 104. 

®’ J., 1921, 64r. ^ , 

Z. ges. Brauw., 1919, 42 , ; J. Inst. Brew., 1920, 26 , 265, 

®® Bull. Assoc. Chim. Suer., 1921, 38 , 210 ; J. Inst. Brew., 1921, 27 , 265. 
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matter produce beers which tend to show a haze a'nd are liable to 
wild yeast troubles. To overcome these troubles, H. T. Brown 
advocated agitation of the -w'ort during cooling to aid flocculation. 
Moritz gives as his experience, that a long smooth travel of the 
wort in the refrigerator is the best means of obtaining the desired 
flocculation, though, so far, no explanation of ti e result is forth- 
coming. 

Oxalates occur in small quantities in brewery worts. Calcium 
oxalate mixed with organic substances is deposited as a hard layer 
on the surface of the refrigerator tubes, wort mains, and fermenting 
vessels. This scale is objectionable and difficult to remove. The 
origin of the oxalic acid is of some interest. A Bau,“® by use of 
the calcium acetate reagent, finds 0-004% of oxalic acid in fresh 
hopped beer wort. IJn opped wort contained about half the 
amount. Hops s owed from 0-57 to 0-05%, calculated on the 
dried substance. 8terilc hopped wort, after standing sevTn months 
showed rather more than 80% of the total oxalate in the residue, 
leaving only 0-0007% in solution. 

Brewery plant is at the ]>resent time leceiving a considerable 
amount of critical examination. The mash tub is considered an 
inefficient vessel, and its replacement by a mash filter is advocated 
by F. M. Maynard. Ti c claim is made that it is possible to 
w^ork wdth finely ground malt, and that higher extracts and more 
concentrated w^ort are obtained. Many other suggestions regarding 
the practical application of modern methods in the brewery are 
given in the publication. 

L. PieiTC®-^ discusses some recent improvements in steam-heated 
coppers. He estimates that the amount of steam required to 
evaporate 1 lb. of water from the w ort is, in practice, about 1-67 lb. 
If it were possible to recover the heat from the steam of the boiling 
wort, and use it efficiently, the consumption of only 0-67 lb. of 
steam from the boiler would be necessary. To obtain this economy 
he proposes to use a jet of live steam from an ifijector to compress 
the steam from the boiling wort, and send it, mixed with the 
injector steam, into the 1’ eating coil of the copper. 

In the Burton union system of cleansing beevs, the latter part of 
the fermentation takes j^lace in a series of casks each of capacity 
about 150 gallons. An improvement in tlic process is taking 
place at the present time. It has been found 230ssible to replace 
the oak casks by £\. large metal cylindrical drum, fitted with “ swan 
necks,” wdiich discharges the barm intba trovgh in the usual manner. 

G. Defourny®^ describes a method of increasing ,tho efficiency 
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the nitroprusside reaction 'Vhich serves as a guide in the difficult 
process of isolating the substance. Observations are described 
which show that the dipeptide exercises real functions in the 
chemical dynamics of the cell. The substance is autoxidisable, 
and owing to changes in the sulphur group [ — SH-ftlS — ^ 

— S.S 1“ Hg] it acts under varying conditions, cither as a 

hydrogen acceptor or an oxygen acceptor. 

The acidity of the medium is an important factor in these 
oxidations and reductions. The dipeptide spems to possess 
catalytic properties which enable it to play a part in cell oxidations. 

Apart from the general importance of the publication, the 
information regarding the jiroduetion of traces of hydrogen 
sulphide by yeast is of some technical interest. 

An attempt has been made by A. Slator to work out the theory 
of yeast crops and to express the amount of ybast a given nutrient 
medium will produce in terms of generation- times and fermentative 
activity of the yeast. If conditions are so arranged that the 
sugar is the limiting factor which finally stops the growth, the 
yeast crop is determined by the way the ratio K/F \"aries with 
different concentrations of sugar where K is the constant of 
groVth and F the fermentative activity of the yeast. 

Yeast crops obtained from a medium containing small amounts 
of sugar were found to agree with those calculated from 
measurements of K and F. 

By carrying out experiments in sealed tubes and allowing the 
carbon dioxide to accumulate, it was found possible to make the 
carbon dioxide the limiting factor determining the cro23. With 
varying amounts of actively growing seeding a constant cell 
increase was ,ob^ rred. The influence of temperature on the 
crop is comparatively small. The following table gives the 
generation-time in hours of a brewery yeast, the constant .of 
growth K, the fermentative activity F, i.e., the number of grams 
of sugar fermentecTper hour per yeast cell. 


Temp. 

G.T. 

K. 

F. 

K/F. 

10° C. 

11-G 

0060 

12*5 X 10 -1' 

4800x10® 

15° 

* 1 

6-4 

’^01 08 

24-5 

4400 

20° 

2-96 

\) 236 

47*0 ^ 

6000 

26° 

• 

1-77 

0*392 

75-0 

6200 

• 

• 


Average . . 

4900x10® 


Chem. Soc. Tram. 1921, 119 , 116 ; J., 1921, 234a. 
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The influence of temperature on growth an^ 'fermentation is 
very great, but the ratio remains fairly constant. The average 
figure, 4900x10®, represents the number of yeast cells produced 
when one gram of sugar disappears. ,Tf this ratio could be 
maintained throughout the whole of the fermentation, the very 
large crop of about 1 g. of piessed yeast to 1 g. of sugar fermented 
would be obtained. Attempts to make oxygen the limiting factor 
controlling the crop were not successful. 

In this work concentrations of yeast were determined by 
centrifuging the suspension in a graduated capillary tube. A 
method of the kind was used by T. Carlson^®® and by K.Schwx'izer.^®’ 
E. Kohler^®® discusses the relationship between fermentation and 
growdh. He considers it probable that the fermentative enzymes 
arc j)resent in the outermost layers of the cell plasma, and 
separated from the medium only by the cell membrane. 

H. Luers and R. Heuss’®® have made a study of the flocculation 
of yeast. The rate at vhich yeast cells settle out in a fermenting 
liquid is of importance, for this factor plays a pait in determining 
the amount of fermentable sugars left in the beer, the brightness of 
the beer, and the amount of yeast obtained. In aqueous 
suspensions of living yeast they trace a relationship between 
flocculation and viscosity of the suspension. Marked flocculation 
of the yeast corresponds to a high viscosity. The reaction of 
the medium is of importance. With a solution showing p,r-4-() 
— 3*1 flocculation is good and viscosity is liigh, with j>j,-4'9 the 
vhcosity is low and no flocculation takes place. In worts the 
matter is much more complicated owing to the presence of colloid^. 

R. J. B. Storey ^^® contributes a note on the difficulties in keeping 
brewery yeast in good condition. He advocates two well- 
established processes, the treatment of yeast with tartaric acid 
to free it from bacteria, and the storing of pitching yeast at a 
low temperature. French breweries favour phosphoric acid in 
place of tartaric acid to eliminate bacterial infection.^^ 

Yeast is sometimes washed with dilute sulphuric acid to kill 
any bacteria 'present. W. Henneberg and M. Bohmer ^'^ show 
that the condition of the yeast cell is a factor of importance in 
this treatment. Quiescent yeast cells are much more resistant 
to acid than actively-growing cells are. Other interesting 
observations' regarding the toxic attion oi sulphuric acid on 
yeast are included in this publication. 

Biochem. ZeiL, 1913, 57, 513 ; J. ?nst. Brew., 1914, 20, 430. 
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C. G. Frazer Kas tested the effect of ten stains on yeast, and 
finds methylene blue and erythrosin the most satisfactory to 
distinguish living from dead cells. Dead cells are stained within 
one minute, and living c«lls are not stained at all. 

Vitamins. 

Much work on vitamins is being carried out “at the present 
time, and some of it s of considerable importance to the fermenta- 
tion industry. Yeast contains vitamin B, the antineuritic food 
accessory substance. Research is proceeding at the present time 
to determine (1) if j^c^ast synthesiscis this vitamin, or if it collects 
it from t..e medium in which it grows, (2) if the growth of yeast 
cells can be used as a test for any of the vitamins, and if this 
test can be made in any way ([uantitativc. ^ preliminary note 
by A. Harden and S. S. Zilva”'* is of importance. These investi- 
gators grew yeast in a solution of cane sugar, ammonium phosphate, 
chloride, and mineral salts. All the materials were quite free 
from traces of vitamin B. >V. ellipsoideus grew readily in the 
medium, and the yeast produced was found to contain the 
vita, pain, for it had a curative effect on pigeons suffering from 
avian polyneuritis. They conclude, that yeasts grown on the 
synthetic medium contain vitamin B, but not in so large a 
proportion as those grown on wort. 

This agrees with the work of E. I. Fulmer, V. E. Nelson, and 
F. F. Sherwood, and of M. M. MacDonald and E. V. MacCollum,^*® 
and others who have tested yeast growth in a variety of ways, 
and conclude that the presence of vitamin B is unnecessary. 
On the other han^jl, R. J. Williams estimates the vitamin B 
content of vark)u.s toodstuffs by their action on the growth of 
yeast ; S. Frankel and E. Schwarz use a method in which the 
accessory factor is estimated by its accelerating effect on yea^t 
fermentation ; and. C. Funk and H. E. Dubin“^ employ yeast 
growth for this purpose. It is difficult to reconcile these conflicting 
views, and more work is re(j[uired before any vitamin can be confi- 
dently estimated by the growth of yeast cells. The value of such a 
method would be great, and the matter is well worth the attention 
it is receiving. 

A. Harden and S. S. Zilva^*^® found no appreciable quantity of 
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vitamin B in beer or malt. H. Liiersj^^^ howeyef, brings forward 
evidence to show that dried beer extract prepared from dark 
Munich beers contains this vitamin. Pigeons fed on polished rice 
and the dried extract lost weight, but developed no symptoms of 
polynehritis. No reference is made in this pa])er to the one by 
Harden and Zilva, and it is difficult to say v hy the two beers give 
different results. 

Bacteriology. 

“ The Yeasts is a book of value to those ini (Tested in fermenta- 
tion clU'inistry, for it contains a desc;ription of the characteristics of 
about 300 yeasts and allied organisms. Each year s(;(‘s the dis- 
covery of more of these organisms, but no indication is forthcoming 
as to the means by which tlu'y come into existimcic. H. Christo])h 
describes a small Aiild yeast which causes turbidity in bottled 
beer. It sporulat(‘s, easily forming 2*4 s])orcs ])er cell. G. de 
Rossi has investigated the charact(Tisti(vs of two spc'cies of apicu- 
lated yeasts. These organisms play a part in the initial stages 
of fermentation in wine-making. They are sensitive to the action 
of alcohol, and are suppressed in the later part of the fermentation. 
Some new yeasts (zygosaccharomyces) found on figs are described 
by G. Chaborski.^2'^ 

A useful account of the properties and classification of lactic 
organisms is given by P. van Steenberge.^^e^ The different species 
are distinguished by the shape of the organism, the flocculating 
or non-flocculatiiig character, the maximum and optimum tempera- 
ture of growth. Some produce only lacfic acid, others carbon 
dioxide, acetic and formic acids, glycerol, and alcohol in addition. 
Some are harmful to yeast and alcoholic fermentation. 

Sugars of a high degree of purity are rec^uircTl for diagnostic 
purposes in bacteriolog}^ E. H. EiteP-’ describes the progress in 
the preparation, of such sugars in America. Tw enty- thr(K> different 
carbohydrates are manufactured commercially and are available 
for the purpose. E. B. Fred and W. H. Peterson’-*^ describe the 
fermentation of sugars (mainly xylose) obtained by digesting maize 
cobs with sulphuric acid. The organism they use is a bacterium, 
Lacto-bacillus j}^'^ioacelicAts, which converts tke sugar into acetic 
and lactic acids. The fermentation of a similar medium by Bacillus 
acetoethylicum produced acetone, alcohol, and volatile acids. 

Z. ges. lirauw., 1921, 143 ; J., 1921, 735a. 

A. GuilUermoiid, translated by F. W. Tanner. 

123 Z. ges. Brauw., 1921, 119 ; J., 1921, 785a! 

124 Through Brewing Trade Review ^ 1921, 35 > 257. 

123 Ann. de la Brasserie, 1920, 73 , 90 ; Brewing Trade Review, 1921, 611. 

12® Ann. Inst. Pasteur, 1920, 20 , 830 ; J. Inst. Brew., 1921, 27 , 192, 

' iJnj. 1920, 12, U02t 
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Acetone. 

The production of hutyUalcohol and accto?ie by the fermentation 
of starch is a process which continu(‘s to receiA^e attention. The 
hydrolysed starch imd(‘r the inlluence of Ihe acetone bacillus 
underg()('s a d(‘gradation represented am)roximat(‘ly ]>y the equation 
3 C,Hi.06-2C4HioO 1 7(10. -HHa I H/).‘ About 35% of 

the starch is converk'd into butyl aicolu>J and acetone 
Butyric and ac(‘tic acids ar(‘ also ])roduced, and infection 
of the mash with oth(‘r bacilli leads to tl^^e ]>roduction of 
lactic acid. The chemical mechanism of the reaction is discussed by 
J. Reilly, W. J. Hickinbottom, F. R. Henley, and A. (\ Thaysen,^'^*^ 
and the bacteriology of the ))roc(‘sr-' by A. ('. Thays(‘n.’^“ 0. »). 
Fowler, Y. D. Wad, and A. (1. Ookhale,^’'^ conti ibute some notes 
on the ]>roc(‘ss carried out in India. They find the same difficulty 
which was ex])(u‘ienced at th(‘ Royal Navaf cordite factory in 
obtaining (^om])letc‘ sterility (d the mash. Ja\N'ari (cbolam) was 
chosen as the most- suitable raw matcTial available. The fermen- 
tation plant Avas made of, aluminium. 

Olyc'erou. 

Progress in the manufacture of gl^cTrol by feu'mentation cemsists 
mainly in studying the conditions to give good yic'lds. A particu- 
larly comprehensive account of glycau'ol fi‘om thc‘ tim(‘ of its dis- 
co\XTy doAvn to the ])resent da\ is given by K. Heliweizer.^-*- 

Alcoik )L. 

J. Mezzadroli ' gives an interest ing account of the production of 
alc:ohol from carob^ in a distillery at Fatania, SicHy. The fermen- 
tation is caiTied ou> by special yc'asts acclimatised to antiseptics. 

The tubers of Jerusalem artichoke contain up to 15% of inulin. 
This polysaccharide yields laevulose on hydrolysis,^ and this sugaV 
is valuable, not mcji'ly as a sugar but also as a potential source of 
alcohol. J. J. WillamaiF-^^ considers that the successful extraction 
is comrnen'ially pi'acticable. K. WindisclF^^^ gives details of the 
Avorking of this raw material in the distillery. The biochemistry 
of the Mahua fiowe]>*has been studied by C. J. FoAvler^®® and his 
collaborators. The dried flowers contain ()0-70% of carbohy drates, 
consisting of dextrose* he\nilose. maltose, sucrose, pentoses, and 

Biochetn. J., 19:i0, 14, 22? 

1’’" J. Inst. Brew., 1921, 27, r.27t 

J. Ind. Inst. iSci., 19*21, 4, 1 ; J., 1921, 'MU. 

Ghim. et Imd., 1921, 6, 149 ; J. Inst. Brew., 1921, 27, 559. 

'33 Bull. Assoc. Ghim. Suer., 192J, 38, 510 ; J., 1921, 786. 

Ann. Brass, et Dist., 1^21, 19, 281 ; J. Inst. Brew., 1921, 27, 395. 

J., 1920, 760a. * • * 

J. Ind. In%t. Sci., 1920, 3, 81 ; J., 1921, 22a. 
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cellulose. By fermentation with cultures of 'yeast naturally 
occurring in the flower, 90% of the theoretical yield of alcohol was 
obtained. The flowers were found to be more suitable for the 
manufacture of industrial alcohol t’lan for the production of acetone. 

Many investigations connected with the production of alcohol 
from cellulose are being carried out at the present time. Sugar 
cane fibre and cotton seed hulls arc shown by E. C. Sherrard and 
G. W. Blanco to be unsuitable for the pur})ose, for they yield such 
a large proportion of pentoses on hydrolysis. A. Wohl and H. 
KnilP®*' obtained irom 100 g. of dry ’pino shavings, 60-9 g. of dextrose 
estimated by cupric reducing power; this gave 18 g. of alcohol 
by fermentation. Attempts to produce bigger yields Avere not 
successful. G. W. Monier-Williams^^® has succeeded in obtaining 
crystalline glucose by hydrolysing cotton avooI with sulphuric acid. 
The yield calculatell from the analysis of the crude product 
amounts to more than 90% of the theoretical quantity. No other 
product of hydrolysis could be detected. This paper is perhaps 
more of theoretical interest, but it shoAys the possibility of high 
yields of alcohol from cellulose. 

Wines and Cidek. ^ 

A. Widmer^^® has investigated fruit wines made from frozen or 
frost-bitten fruit (apples or pears). Defects appear in the wines, 
which should be consumed as soon as pOxSsibJe. The harsh flavour 
of wines made from grapes attacked by insects, according to 
E. Hugues,^^^ is due to the presence of unusually large amounts 
of acid. 

H. Miiller-Thurgau and A. Osterwalden^*^ describe experiments 
to show the influence of the ripeness of the fruit on the fermentation 
of the wines. They also discuss certain maladies of wines and 
measures of preventing them. Among these may be mentioned 
tbe use of pure gultures of yeast, the addition of ammonium chloride 
as a yeast food, avoidance of high temperatures, and treatment 
with sulphur dioxide or metabisulphite after fermentation. Judicious 
blending of juices to ensure the right concentration of tasnnic acid 
and acidity is also recommended. 

F. Tutin^^^ has carefully examined the action of alkalis and 
pectase on pectin. A salt of pectic acid, acetone, and methyl 
alcohol are produced in each case. Tt scemM probable that pectin 
is the isopropenj?! ester of pectic acid. The matter is of interest, 

13’ J. Ind. Eng! Chem., 1920, 12, ll6(t; J., 1,920, 56a. 

13® Ccllulosechemie, 1921, 2, 1 ; 1921, 158a. 

i3» Ghem. Soc. Trans., 1921, 119, 803 ; J., 1921, 539a. ' 

Chem. Zentr., 1921, 92, II., 878 ; .J., 1921, 445a. 

141 Jinn. Falfj., 1921, 14, 139 ; J., 1921, 557a. 

Zentr.„\m, 92, II., 748 ; J., 1921, 404a 
-« Biochem. J., 1921, 15, 494. 
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for wines, cidef, 4)erry, a^id other fermented fruit juices contain 
pectin which produces trapes of methyl alcohol and acetone. 

E. Garino-Canina,^^* in discussing the influence of phosphates 
on alcoholic fermentatic^n, ascrih(;s the failure of certain sparkling 
wines to condition to the lack of 2)hosphates. * 

W. Fresenius and L. Griinhut’-^'^ cfescribe methods of detecting 
some adulterations in wines. Foi'eign dextro-rojtaiory substances 
can be detected by tlie 2)olarimeter. All the unfermen table con- 
stituents of dry wines have a low oj)tical activHy ; if, therefore, 
the residue of the wine after fermentation with yeast shows a 
comparatively high rotation, tlu‘ addition of some starch syrup 
can be suspected. Methods of d(‘t('cting gum aiabic and dextrins 
are also given. A method f)f determining glycerol in wine is des- 
cribed by A. Heiduschka and F. Englert.^'*® The residue of the 
wine is distilled with boric acid uj) to a temperature 320 "’ C. The 
acrolein is distilled into a receiver containing ammonia and estimated 
by its reducing 2)ov\ er on silver nitrate. 

VlNEOAR. 

V. Hassack^^' gives an account of vinegar manufacture in the 
UnHed States. The alcohol necessary for the 2>roduction is i:)rofit- 
ably derived from the manufacturb of other products such as 
baker’s yeast or de-alcoholised beer. Black strap molasses is the 
usual raw material of the spirit vinegar manufacturer. The 
preparation of malt vinegar and cider vinegar is also described. 
It is interesting to learn that the melon can be used as raw" material 
for vinegar making. 

J. Mezzadroli contributes some useful information on acetic 
organisms. He oifij)hasises the use of j)ure cultures and advocates 
})asteurising tlie heer, cider, etc. before submitting them to the 
acetic fermentation. Acjetic organisms which carry the oxidatipn 
too far, and cause loss of acetic acid, can be eliminated by such 
means. • i 

A. Chaston Chaj)maii,^*® in his description of the manufacture of 
vinegar “in this country, points out the necessity of a further 

knowledge of the bk)chemistry of the jiroeess. 

• 

J. Inst. Brew., 1921, 27, 323. 

Z. anal. Chem., 3^)21, 60, 168 ; J., 1921, 556a. 

Ibid., 1921, 60, 161 ; J., 1921, 557a. 

Chem. Age, 1921, 29, 105 J. Inst. Brew., 1921,^7, 317. 

Ann. Brass, ct Dist, 1921,1.9, 195 ; J. Inst. Brew., 1921, 27, 191, 481, 
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FOODS. 

By G. W. Monter- Williams, O.B.E., IVl.Sr, M.A., Ph.D., F.T.G., 
^Minislrij of Health, London. 

Food cheniistiy in its l)roa(lor asj)oct touches so many fields of 
rcscaroli, couimonein^ witli food ])roduclion on the farm and ending 
with the influence of diet upon health and disease, that it is not 
possibh^ in a short review to do nior(.‘ than select certain outstanding 
featuHNs, and indicate the i)rogress which has been made during the 
])ast year. 

Diet a^ij) Nutrition. 

In the light of the widen* knowledge* of nutrition gaineel during 
rcceut years, it is becoming incioasingly clear that the l>urity of 
individual foodstuffs from the chemical and bacten*iologieal stand- 
points, and their relative value.s in terms of calories, are not the only 
points to b(‘- considereel in assessing their worth for the pur])ose of 
nutrition. In fe)rmer years the quality of fe)odstulfs was judged 
by the extent to which they confea'ined to an agreed standard of 
compositiem, and were free from i)otentially harmful or actively 
poisonous ingredients such as might gain access during manufacture, 
preservation, or distribution. As far as nutritive value W'as 
concerned the natural inclination of the consumer, and his freedom 
of choice, were deemed to be sufficient sah^guards. 

Civilised man to-day is living under what may be termed artificial 
conditions as comiiared with his more primitive ancestors, and his 
choice of foodsiuffs is affected to an ever-increasing extent by 
factors such as scarcity, cost, difficulties of transport and distribu- 
tion, etc. These factors all combine to render it dilficult for many 
people to follow their natural inclinations in regard to diet, further- 
more, there is the question as to how' far our nat^qyal sense of what is 
good for us may have been dulled or perverted by civilisation, and 
to what exh?nt our predilections in such iruj.tters as appearance, 
taste, and colour may have undergone a gradual change, in directions 
opposed to tliose indicated by considerations of nutritive value. 

It is a maxim of the food manufacturer that in the long run the 
consumer is always right, implying that the foodstuffs most in 
demand are necessarily those which experience has showm to be the 
most suited to the needs of the people. TWs might* conceivably be 
true if man w^ere* livjng in a more or less wild state, under conditions 
where his survival or non-survival would depend sblely upon his 
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physical fitness, •byt it can hardly be held to apply to modern 
conditions of life. While f^lie refined food products of the present 
day have undoubtedly been evolved from the cruder and more 
primitive foodstuffs of bygone years by a process of selection on the 
part of generations of consumers, this selection has followed an 
artificial rather than a natural cours(‘, and the consumer’s judgment 
cannot be relied upon as an infallible guide. ^ 

It is now gen(‘rally reeognis(‘d that the various dietetic ckmients 
are to a groat extent interd(‘pendent , and the ('flJjL'ctive utilisation 
of each foodstuff by the human body depends upon the proper 
balancing of the constituents. For instance, wlu'ii carbohydrates 
are removed from the diet, fats are incom])letely oxidised, and it 
would aj)pear also that the presence of carbohydrates is essential 
to the normal course of protein metabolism. (VTtain luoteins are 
found to be inadequate for the maint(‘nance of nitrogenous equili- 
brium. They ai’c incom])lctc in respect of th(‘ir proximate 
constituents, and ])oss(‘ss a low biological valu(‘. Again, the 
j)r(‘senc.e of unideiitilk'd j^ccessory factors, or vitamins, which arc 
assumed, on the (*\'idence availabh*, to be definite chemical sub- 
staiujcs, has been sliown to be essential to growth and to maintenance 
of Iftalth, 

There is a danger that too much stress may b(‘ laid on the import- 
ano(‘ df vitamins alone. These factors appea^’ to work in close 
relationship with the other dietetic elements. While they are 
undoubtedly essential constitiu'nts of any dietaiy, it does not 
follow that their })resence is all-sufficient. They may be looked 
uj)on as links in a chain of dietetic elements, each of which is of 
fundamental impoTtance in maintaining the continuity of the 
whole. Or, again.^fli'' various dietary constituents riiay be likened 
to the several ])arls of a rotating wheel. Unless the parts be 
proi)erly balancc'd, the w heel does not run true. The more varied 
the diet, the greatiT the probability that all the necessary constitu- 
ents are i)r(\s(mt in sufficient amount. It may be ai’gued that 
under modern conditions the opportunities of securing a varied 
diet arc greatc^r than they have ever been, and that there is little 
likelihood, in practice, of apiircciablc deficiency occuning in any 
one esscaitial constituent. Howawer this may be, evidence is 
gradually accumulating which w ould seem to show that the dietary 
of large sections of the population, whether owing to acquired 
taste or to force of circumsl*>nccs, may be dangerously near to a 
point at which it is in^idequ^e, not necessarily* in quantity, but 
in quality, for the maintenance of health. Malnutrition is wider 
in incidence and more devastating in issue to a community than 
food-borne disease.” ^ 

^ Sir George^Newman, An Outline of the Practice of Preventive Medicine, 
Cml. 303, 1919, pp. 05-07. 
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Proteins. 

The present state of our knowledge asrto the relative value of the 
different animal and plant proteins from the nutritive standpoint, 
has been reviewed by R. H. A. Plimmer.“ He points out that 
biologically the proteins ipust be regarded as mixtures of the 
various amino-acids, and that the nature and relative proportion 
of the amino-acids in different pioteins vary considerably. Each 
amino-acid has apparently a definite function to perform in the 
process of growth and maintenance. If it were possible to obtain 
sufficient of each individual amino-acid for the preparation of 
artificial food mixtures, experimental work would be greatly 
simplified, but the practical difficulties of this ])rocedurc are too 
great. The methods employed are either (1) to feed incomplete 
proteins and add the missing unit or units, or (2) to feed completely 
hydrolysed proteins from Avhich one or more of the amino-acids 
have been removed by chemical means. 

An extensive series of researches has been carried out by E. V. 
McCollum, N. Simmonds, and H. '1\ Parsons on the biological 
value of proteins in nutrition.® Rats weie fed for long jieriods 
upon diets which varied as regards the source of the protein, but 
which were complete in all other rc'spects, and their general heklth, 
rate of growth, fertility, and length of life observed. It was found 
that milk, when forming the only solircc! of protein, was stperior 
to all other foods. Of the cereals, wheat' possessed the highest 
biological value. The proteins of the pulses were, in general, of 
low value, but animal })roteins, especially those from glandular 
tissues such as kidney and liver, ranked approximately wdth wheat, 

Greater differences were observed in the capacity possessed by 
different proteins for supplementing each uther, and forming 
mixtures of higher biological value than either of the two proteins 
separately. Thus the proteins of kidney, livc^r, and muscle fibre 
are remarkably effective as supplements for tjiose of cereals, but 
not to so great an extent for the proteins of pulses. A combination 
of meat and wheat proteins’ is of higher biological value than either 
of the two separately. On the other hand, cereal and vegetable 
proteins are unable mutually to supplement ‘(jach other and such 
mixtures are not of higher biological value than the constituents 
alone. * 

One of the essential constituents of proteins from the nutrition 
standpoint is tryptophane, and several papers have been pubHshed 
recently on the estimation of this substanos in various foodstuffs.^ 
The methods employed depend for the most part ^ on the red or 

, . » J., 1921, 227r. 

« J. Biol. Ch%m., 1921, 47, 111, 139, 175, 2a7, 235. 

* 0., Furth and ¥. Lieben, Biochem.*‘Zeit8., 1920, 109^ 124 ; 1921, 116, , 
224 ; J., 1921, 787a, 
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violet coloration, given l^y tryptophane with certain aldehydes 
in the presence of an oxWising agent, and are thus variations of 
the Hopkins-Cole test, using glyoxylic acid, and of the well- known 
Hehner test for formal^ieliyde in milk. O. Furth and F. NoheF 
find that casein contains 2-0%, the proteins of cows’ milk whey 
1-8 to 2-3%, and the proteins of human milk 34 to 6-8% of 
tryptophane. 

H. Onslow has studied the conditions under which tryptophane 
is destroyed in the hydrolysis of easeinogen hy^acids and alkalis,® 
and gives a detailed account of the preparation of this amino-acid 
by the digestion of easeinogen with trypsin. Q'he fluid resulting 
from the digestion is precipitated with mercuric sulphate, the 
mercury removed by hydrog(‘n sulphide, and the filtrate again 
digested with trypsin and then cxtiacted with methyl alcohol. 
In this way yields of 10 to 15 grams of tryptt)phane were obtained 
from 1 kg. of easeinogen. 

Two new proteins which have been separated from yeast’ have 
been found to contain 1*51 and 2-28% respectively of tryptophane. 
Both proteins also give a high yield of lysine, which is one of the 
essential amino-acids from the nutrition standpoint, and the high 
fo^d value of yeast thus receives additional confirmation. 

Mention may be made of a paper by H. hh Woodman® on the 
characterisation of diflerent individuals by the method of protein 
racemisation. When solutions of proteins in dilute sodium hydrox- 
ide solution arc kept at 37*^ C., they suffer a progressive diminution 
in the value of their o})tical rotatory power. This appears to be 
due to a keto-enol tautomerism of the: ('H.OO. groups in the 
protein complex. By plotting the diminution in rotation against 
the time, cuj:vef^ ijre obtained which arc the same for identical 
proteins, but w hich differ more or less from each other if the proteins 
in question differ in amino-acid make-up. The method does not 
pretend to do more than establish structural ^identity or non- 
identity, but it is claimed that for this purpose it is simpler and 
more rapid than the chemical and biological methods hitherto 
used. Woodman is able by this method to confirm the identity 
of the globulins of •cow’s blood-scrum and of colostrum, but finds 
that lactalbumin and serum-albumin are different in structure. 
It is well known tljat colostrum contains a high proportion of 
lactalbumin and globulin as compared w ith .milk. These two 
proteins were formerly supposed to pass direct^into the colostrum 
from the blood-streaiji, without undergoing a separate mammary 
synthesis, such as occurs in the case of easeinogen. It would seem, 

Biochem. Zeits., 1920, 109 , W)3. 

« Biochem. 1921, 383, 392 ; J., 1921, 672a. , 

’ P. Thonms, 4nn. Inst. FaSteur, 1921, 35, 43 ; Jfc., 1921, 234a. 

« Biochem^ J., 1921, 16 , 187. 
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however, that lactalbumin must also be legardecb ih th(^ same w ay 
as caseinogen, as a product of manimgry synthesis. The high 
proportion of globulin in colostrum and transference direct from 
the blood-stream w ould appear to b(‘ in th(‘,. nature of an emergency 
measure during the early days of lactation.” 

An investigation by G. A. Hartwell on the effect of diet on 
mammary secretitm^” shoAVS that great differene(‘S oecur in the 
initial w(‘ight and rate of grow th in litters of young rats according 
to the food of the mother. On diets of bread and milk or br(‘ad and 
meat, both mother and litter did far better than on a basal diet of 
bread alone. On deficient di('ts tht^ motlu'r appears to be able to 
supply certain essential constituents from her own tissues. 

, ViUmins. 

Research w^ork on accessory factors, oi' vitamins, may conveni- 
ently be considered under three headings: (1) their oiigin and 
distribution ; (2) their stability • and (3) tkeir efleets on the animal 
organism. 

It is becoming increasingly clear that the thic(‘ acc(‘ssory factors 
at present recognised, which may be bTined, according to I)ru\n- 
mond’s nomenclature, vitamins A, B. and G. are primarily of 
vegetable origin and cannot be synthesised by the animal organism. 
The latter is entirely dependent upon its food for the supply of 
vitamins necessary for its own development and for that of its 
offspring in the early stages of growth. The fat-soluble vitamin 
A appears to be essentially a ]')roduct of photos^iithesis in plants, 
and its formation under thes(‘ conditions has b(‘('n investigated by 
Coward and I)rummond.“ They found that ^ dried seeds are 
deficient in this vitamin, and that the quantity is not increased 
by •germination. Plants deficient in chloroi)hyll, such as etiolated 
seedlings, white cabbage, mushrooms, etc., are also deficient in 
vitamin A. On the other hand, it is formed by even the lower 
chlorophyll-containing plants, such as marine algse. Red alga^, 
w'hich arc differently adapted for photosynthesis, are not so active 
in this respect. Vitamin A may be extracted*' from green leaves 
by means of fat solvents, and appears not to be associated w ith the 
protein compjcx. These observations lend si^lditional interest to 
the older work of R. Willstatter and of B. Moore and T. A. Webster 
upon the constitution of chlorophyll and the mechanism of photo- 
synthesis, and to the researches of E. C*. C. Bajy, I. M. Heilbron, and 

” J. C. Drummond, K. H. Coward, and A. F. Watson, Bif>chcm. J., 1921, 
15, 540. 

• ’ 1” Biochem. J., ^921, 15, 140. 

K. 'H, Coward and J. C. Drummond,* Sioc/iem. J., 192i, 15, 630 ; J., 
1921, 74Ua. ‘ * 
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W. F. Barker^^ i>pon pluftocatalysis, published during the year 
under review. 

Vitamin B appeal's to weeur mainly in the germ or embryo and 
outer layers of sc'eds ami is also abundant in yeast and c^g-yolk. 
A. Harden and S. H . Zilva^-* find ihtxi^Haccliaroinyces ellipsoid cais is 
able to produee this vitamin when grown in a synthetic medium in 
which ammonium salts were the only source of nitg’ogen. 

The antiscorbutic vitamin is found in the green leaves of 
l)lants, especially Cmcijcrw, and in fresh fniiis. It is formed 
during the process of germination of seeds. 

Vitamin A has been shown to be one of the chief factors con- 
cerned in promoting noi'inal growtli. If further research confij-ms 
the fact that it ow es its origin to the syntludic processes taking place 
in plants und('r the influence of light, it is ol^vious that here is a 
fact of fundamental impoi'tance from tlu* stand}>oint of rational diet 
and nutrition. It is curious that although vitamin A is synthesised 
by the ])lant, vegetable oils in general are deficient in this substance. 
The factor ap])ears to be* localised in the chioro]>]asts and not to 
be transported, to any great extent, to other parts of the plant. 
Anipial oils and fats on the contraiy are usually rich in vitamin A. 
No hard and fast rule can b(' drawn i;i this (tonnexion, but it w ould 
seem that the animal organism possesses in high degree the power of 
storing up this factor in its tissues. A remarkable instance of this 
is furnished by the cod-tish and other allied fishes, (kxl-liver 
oil, when carefully prei)ared, is one of the richest known sources of 
vitamin A. The source of the accessory factor in this case must 
lie w ith the green marine alg«e, endowed with the pow er of photo- 
synthesis, which J^u-m the ultimate food material^ of all marine 
animals.^'^ • 

While the total ([\iantity of vitamin A present in the animal is 
dependent mainly upon the character of its food, the distribution 
of the factor in tly? various organs and secretions appears to be 
determined by their physiological function. The growth energy 
of the yopng is much greatei- than that of the adult and demands a 
larger supi)ly of the grow th -promoting factor. In the earliest 
stages of growth thii? su2)ply can be derived only fiom the mother. 
Thus the fat of mammalian milk is richer in this respect than the 
depot fat of the body. • There is, as it were, a mobilisatiejn of reserves 
on the part of the mother to meet the needs of he# offspring. Colos- 
trum, w hich is the product oi the udder for the ftrst few days after 
calving, is richer in vitemin A than is normal cows’ milk.^® This 

Chem. Sot. Trans., 1921, 119 , 1025 ; J., 1921, C:33a. 

Biochem. J., 1921, 15, 438 ; J., 1921, 670a. 

K. H. Cow'ard and J.JD. Drummond, Biochem.. J., 1^21, 15 , 535. 

J. C. Drflmmond, K. H. Coward, aiul A. F. AVutson, Biochem. J., 
1921, 15 , 540; J., 1921, 746a. 
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selective distribution appears to run^parallel with that of th( 
lipochrome pigments which are similarjy derived from the greei 
plant and are concentrated in colostrum and also in egg-yolk 
This similarity has given rise more than oi^ce to the suggestion tha 
these pigments, of which carroiene is the best knowm, may b( 
intimately connected with the growth -promoting factor, but M 
Stephenson^® has now confirmed the conclusions reached by previoui 
workers that pure carrotene is wdthout action on growth. 

Summer and winter milk differ appreciably in vitamin content 
the former being the richer in this constituent owning to the fac‘ 
that in summer cows are fed largely upon grass.” The rclationshij 
between the ’food supply and the vitamin content of the body fai 
has been studied in great detail by J. C. Drummond, J. Golding 
S. S. Zilva, and K. H. Coward'® in connexion with the feeding o; 
pigs. Lard has hitherto been looked u])on as an excejDtion to tlu 
general rule that animal fats contain more vitamin A than vegetabk 
fats. Lard is a depot fat, unlike butter which is a product oj 
the mammary gland, but other depot fats, such as oleo oil, contain 
this accessory factor in fair quantity. Here again the nature of thf 
food is a controlling factor. The normal diet of fattening pigs 
contains very little vitamin A, but grass-fed pigs, on the other hand, 
are able to store up the factor in their tissues, although to a less 
extent than grass-fed cattle. 

A further reason why lard is usually deficient is to be found in 
the sensitiveness of vitamin A to oxidation at high temperatures, 
While oleo oil is prepared at as low a temperature as possible, 
lard is rendered and refined at a high temperature, under con- 
ditions which may lead to destruction of the vitamin by oxidation.” 

This susceptibility to oxidation is also shown in the case of 
butter, which is inferior in its growth-promoting qualities to the 
same amount of fat in raw milk. The loss is due mainly to oxidation 
during working. While butter can be heated to 120° C. for four 
hours in absence of air without its content of vitamin A being 
affected, loss of this factor by oxidation may take place at tempera- 
tures as low as 37° C.®' 

The importance of vitamin B in the promot[on of growth w^ould 
seem to be at least equal to, if not greater than; that of vitamin A, 

” Biocheni. J., 1920, 14, 715 ; J., 1921, 363a. * 

” F. G. Hopkin^, Biochen}. J., 1920, 14, 721 ; J., 1921, 313a. R. A. 
Butcher, C. H. Eckles, G B. Bahle, S. W. Moad, and O. G. Schaefer, J. Biol. 
OAem., 1920, 45, 119;% 1921, 94 a. * ^ 

” Biochem. J., 1920, 14/742 ; J., 1921, 363a. 

J. C. Brummond, J., 1921, 40, Six. 

J.C. Brummond, K. H. Coward, and A. F. Watson, Biochem. J., 1921, 
16,t;40; J., 1921, 746a. 

“ J. C. Brummon^ and K. H, Coward,’* Riochem. J., 1930, 14, 734 ,* J., 
1921, 363a. ■ • 
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but for several Reasons a deficiency of the former factor is not so 
likely to occur, at any j-ate among the inhabitants of western 
Europe and America. T|;ie water-soluble factor B is more widely 
distributed than the fajb- soluble, especially in pulses and in the 
whole-meal of cereals, and moreover appears to be more Resistant 
to heat and oxidation. J. M. Johnson and C. W. Hooper^^* have 
found that skim milk, when dried by the spray process, retains 
practically the whole of its vitamin B, as measured by the quantity 
required to protect pigeons from polyneuritis^ and to produce 
normal growth in rats. 

The effect of heat and oxidation on the anti-scorbutic vitamin C 
is not so well defiiu'd and appears to depend to some extent on the 
particular nature of the foodstuff in question. Although cabbage 
and other veg(da])l(‘s suffer a loss of 70-80% of their anti -scorbutic 
potency when dried, fruit juices can be dried 'with little or no loss. 
Several papers have been published during the year on this subject^* 
and it has been found that commercially dried orange juice retains 
its anti-scorbutic propcu'ties for several months or even years. 
Milk dried by a spray process is stated to contain less vitamin C 
than milk dried on steam-heated rollers,^^ while full cream sweetened 
inifk, which is (londensed at a low temperature under reduced 
pressure, has been found to be as c'ffective in this respect as raw 
milk.“^ The varying susceptibility shown by different anti -scor- 
butics to heat and desiccation may conceivably be determined by 
their relative degree of acidity. 

One or two int<;resting points in this question of oxidation may be 
noted. Vitamin A, while easily destroyed by oxidation, is also 
apparently destroyed by the hydrogenation of fats and oils. The 
possibility of yxnfvfion occurring at some point dufing the refining 
of oils prior to hardening is, of course, not excluded. It would 
be; of great interest to ascertain whether a crude unrefined fish .oil 
loses its growth -promoting power on hydrogenation alone at a low 
temperature. Further, there is the question as to whether a fat 
in which vitamin A has been destroyed by oxidation, can again be 
rendered active by a process of reduction. 

The part played^ 4)y deficiency of vitamin A in the causation of 

U. S. Public Health Service, Public Health Reports, 36s No. 34, Aug., 
26th, 1921. 

22 A. Harden and H. Robison. Riochem. J., 1021, ^6, 521. N. R. Ellis, 
H. Steenbock, and E. B. Hart, J, Biol. Chem., 1921, 46^ 367 ; J., 1921, 406a. 
M. H. Givens and I. G. ly^acy, J* Biol. Chem., 1921, 46, 11 ; J., 1921, 318a. 
J. ]^. McClendon, W. S. Bowers, and J. P. Sed^ick, J. Biol. Chem., 1921, 
46, 9 ; J., 1921*, 318a. J. A. Shorten and C. B. Ray, Biochem. J., 1921, 15, 
274; J., 1921, 625a. 

2* H. Jepheott and A. I.. Bacharach, Biochem, J., 1921, 15, 129 ; J., 1921 
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a* E. M, Hume, Biochem. J., 1921, 15, 163 ; J., 1921, 626a. 
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rickets is still a vexed question. The importance, oi' research in this 
direction can hardly he overrated, for while scurvy, heri-beri, 
pellagra, and suchlike diseases are not of frequent occurrence, 
rickets is a condition which is widespread among civilised com- 
munitiefs of the temperate zones, and is “ one of the most fertile 
causes of the crippling and disabling diseases of early child- 
hood."-'^ 

Mellanby’s experiments on pup])ies indicated that definite 
rickets could be produced by diets deficient in vitamin A, and 
that the disease could be ]irevented or cured by the addition of 
certain oils and fats to the diet. Tlie oils which produced this 
effect were those which were known to contain vitamin A. Experi- 
ments on other animals, however, have not given such definite 
results. 8. 8. Zilva, J. Golding, J. G. Drummond, and K. H. 
Coward^fi have studied the effect on ])igs of a diet rigorously restricted 
in the fat-soluble factor. Although growth was int(‘rfered with 
and the young died soon after birth and were in several cases 
malformed, no definite rickets was obsei;ved. 

A. F. Hess and L. J. Unger,^’ from observations made on groups 
of infants receiving diets some of which were rich, others deficient 
in the fat-soluble factor, could not obtain any definite evidence 
that the rickets which developed in some of their patients could be 
traced to an accessory factor defieiency. 

H. M. M. Mackay-” fed kittens on a diet deficient in vitamin A, 
but otherwise ade([uate, with the result that the animals ceased 
growing. Xo evidence of rickets, however, could b(‘ (*stai)lislied 
on post-mortem examination. 

E. V. McCollum and others-'’ have analysed a series ot diets 
on which rats ‘'develo])ed rickets, and considered that while the 
cause could be ascribed in general terms to faulty nutrition (un- 
balanced diet), it could not- be didinitely ])ut down to deficiency 
in vitamin A. They consider that the ratio of calcium to phos- 
phorus in the diet is an important tactor.in the etiology of rickets. 
Normal bone formation requires a definite calcium : phosphorus 
ratio, and if this be U])set in either direction rickets may result. 
The administration of an anti-rachitic substanc;;, such as cod-liver 
oil, may prevent rickets even when the calcium : phosphorus ratio 
differs from t}ic normal. One of the function^ of vitamin A would 
seem to be that ol assisting the assimilation of calcium and phos- 
phorus where the ^ normal mechanism existing for this pui-pose 
has become deranged. 

Sir George Newman, loc. cit., p. 79. 

Biochem. J., 1921, 15 , 427. 

J, Amer. Med. Assoc., 1920, 74 , 217. 

Biochem. 15 , 19. 

J. Biol Chem., 1921, 45 , 343. 
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On the other iia*nd, L. Findlay, D. N. Paton, and J. S. Shai'pc,^** 
as a result of investigations on the calcium balance in healthy 
and rickety children, are of opinion that the Evidence we possess 
is opposed to the view^tliat rickets is due to a deficient supply 
of calcium to the bones. (%mges in bones, simulating somewhat 
those in rickets, can be caused by febding on a calcium-low diet, 
but the condition is not that of true rickets. Again D. N. Paton 
and A. Watson- have found that if scrupulous care be taken 
as to cleanliness, ])U])pies can be reared free of rickets on a diet 
of only 0-5 g. of milk-fat per kg. of body-vfeight, along with 
bread. They cpiestion the view that rickets is a deficiency 
disease due to a lack of an anti- rachitic factor associated with 
milk-fat. In young dogs under ordinary laboratory conditions a 
liberal allowance of milk-fat up to even 14 g. per kg. of body- 
w('ight neitlK‘r ])re vents the onset of rickets nor cures it when 
dev(‘lop('d. 1'h(\y incline to the view that the total energy intake, 
together vnth the conditions under which the dogs are kept, are 
impoi'tant fa(*tors in controlling the development of rickets. An 
outbreak of rickets in a kennel of fox-hounds at Adelaide, 
ill which removal of some of the pups .to fresh ground prevented' 
the* onset of the disease, suggests that, after all, some bacterial 
infection may ])lay an important part in the causation of this 
disease. 

That the effect of vitamin A on growth is dependent on the 
presence of a sufficiency of calcium in the diet is also indicated by 
the work of A. L. Daniels and R. Loughlin,®® who have investigated 
the effect of heat- treatment of milk on the growth of rats. Rats 
fed on milk pasteurised by a holding process grew at about half 
the usual rate, anef^eever attained the normal size fo3 adult animals. 
Rats led on connlurcial evai)orated milk did not grow and soon 
died in an emaciated condition but with no signs of xerophthalmia. 
On sweetemed condensed milk growth was normal. The addition 
of foods rich in boili vitamin A and vitamin B did not produce any 
growth stimulation in the stunted animals fed upon evaporated 
milk, brft when calcium salts, cither soluble or in the form of a 
paste 01 (calcium phosphate in a collmdal medium, were adminis- 
ter'd growth was Stimulated. The authors are of opinion that it 
is the precipitation of insoluble calcium phosphates during the 
heating of milk which^is responsible fo^ the lowering of its nutritive 
value. These insoluble salts are to a great extent left behind as a 
deposit in the pasteuriser or> milk container. When special care 

was taken to include tfie insoluble material by colloidal suspension 

• 

Qiiarterlif J. Medicine, 1921^14, 352. 

2 »h Brit. J. Bxp. Path., 1921, 2 , 75. 
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results similar to those oi normal growth «Dn raw milk were obtained. 
Sweetened condensed milk, when fed undiluted, is so viscous that 
the precipitated calcium salts remain in suspension. 

One of the conditions associated with rickets in childhood is 
delayed dentition, which is believed to be a predisposing factor in 
the causation of dental caries. McCollum®^ refers to some interesting 
evidence pointing to the possible effect of diet upon the incidence 
of dental caries. A number of skulls were dug up by Stefansson 
from a cemetery ip Iceland, dating from the ninth to the thirteenth 
centuries. No carious teeth at all were found in these skulls. The 
diet of the Icelanders previous to about 1850 consisted of milk, 
mutton, fish, and fowl, with possibly the eggs of wild birds. The 
only vegetable food eaten regularly Avas carrageen moss, but potatoes 
and turnijis Avere eaten to some extent. The teeth of the natives 
and their general health A\crc excellent as long as this diet was 
taken. The deterioration of the teeth apparently began about the 
time when cereals and sugar were regularly imported into Iceland. 
The same thing is stated to be true of the North American Eskimo. 
The statistical data in these matters arc bound to be uncertain 
and incomplete, and it will naturally be suggested that 
several other factors besides malnutrition may conceivably 
have been concerned in lowering the physical standard of these 
races. 

In the same series of papers McCollum reviews the general aspect 
of the nutrition question and the relation of malnutrition to general 
“ unfitness ” and industrial fatigue. He advances the theory that 
the widespread use of cereals, jmlses, and potatoes represents an 
innovation in man’s diet and one which is not for the best. McCollum 
questions the soundness of the Adew that the cepal grains are the 
most important and economical sources of human food, in view 
of,, the fact that cereal proteins are of low biological value and are 
unable to supplement one another, and he suggests that the extension 
of the use of cereals in the diet of man may hkve already passed 
the limit of safety. 

Different species of animals are found to vary both in their 
requirements of growth-promoting vitamins asid in their relative 
susceptibility to rickets and scurvy. Pigs, although liable to 
develop a condition closely resembling rickets, appear to require a 
very small amount of vitamin A for normal growth and develop- 
ment. Puppies would seem to require a much larger proportion of 
this factor, while guinea-pigs must have aq ample supply of both 
the growth-promoting and anti-scorbutic factors. The rat can 
apparently thrive and produce young on a scorbutic diet which 
AviU kill the guinea-pig. 

^ E: V, McColluir, N. Simmonds, and H. T. Parsons,' J. Biol, Chem,, 
1921, 47, lie. 
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E. M. Hume®®* makes 3,n interesting reference to the possible 
effect of anti-scorbutic requirements on the geographical distribution 
of different animals. The need of the guinea-pig for this factor is 
so large that it has probably limited the creatures geographical 
distribution, and rendered the numerical success achieved by the 
rat, mouse, and rabbit in the struggle for existence, an impossibility 
for it. » 

From the standpoint of the food analyst it is unfortunate that 
the characterisation of accessory food factors Iras not yet passed 
the stage of animal experiment. The method proposed by R. J. 
Williams, according to which the growth of yeast in a liquid is a 
measui’e of tlie amount of vitamin B present, has boon found to 
give untrustworthy results.®® Yeast itself can produce vitamin B 
when grown on a salt and sugar medium. 

No indication of the chemical characters of any of the accessory 
factors has yet been forthcoming. S. S. Zilva and M. Miura®* 
have shown that collodion membranes are permeable to vitamins 
B and 0 to much the S'Arne extent as to ndethylene blue, neutral 
red, and safranine, but of course the diffusing molecule may be 
eitj^er simple or associated. The remarkable work of F. Gowland 
Hopkins®®' on the isolation from yeast and animal tissues of a 
crystalline dipeptide, which can behave, according to circumstances, 
either as a “ hydrogen acceptor ” or as an “ oxygen acceptor,” 
led to the suggestion that this substance might be connected in some 
way with vitamin B, but on trial the dipeptide was found to have 
no effect in preventing or curing avian polyneuritis. An interesting 
observation is made by N. Bezsonoff®® that only those extracts 
known to possess^anti- scorbutic properties give a J:)lue coloration 
when, tested witlir n solution of sodium tungstate and phospho- 
molybdic acid in j>hosphoric and sulphuric acids. Of the various 
phenols examined the only one to give this blue^ colour with Hie 
reagent was quinol. 

P. Goy®’ claims that he has isolated from yeasts, moulds, and 
bacteria, a crystalline carbon compound free from nitrogen and 
phosphorus, which exerts a stimulating effect on the growth of 
these organisms. tThis substance exerts its growth-promoting 
function only after its solution has been heated to 85‘^-90°C., and 

32 Biochem. J., 1921, 16, 30; J., 1921. 525a. 

22 R. J. Williams, J. Biol, tlhcm., 1921, 46 » 113. E. I. Fulmer, V. E. 
Nelson, and F. F. Sherwood, J. Amer. Chem, Soc., 1921, 43, 186. W. H. 
Eddy, H. L. Heft, H. C. Stevenson, and R. Johnson, J. Biol Chem., 1921, 47 
249. 
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loses its power at about 168°-170°C. "It appears to be distinct 
from the vitamins A and B of higher plants. 

Possibly the material most likely to furnish information as to 
the nature of vitamin A is the unsaponifiable fraction of cod-liver 
oil, which has been found by S. S. Zilva and M. Miura to influence 
the growth of rats in extraordinarily minute doses. 

The need for methods by which the nutritive value of foodstuffs 
may be determined by analysis rather than by the tedious, cum- 
brous, and relativjly inaccurate procedure of animal experiment 
is emphasised by the claims now being made for proprietary food- 
stuffs in respect of vitamin content. A case in point is to be found 
in a patent for the production from wheat bran of an infusion or 
powder stated to contain water-soluble vitamins.®* 

A general resume of the relation of vitamins to the food supply 
is given by A. Harden,'*® and a discussion of the whole question of 
diet in relation to normal nutrition is to be found in a report by 
J. M. Hamill to the Ministry of Health.^* Mention must also be 
made of the valuable series of analysis of different foodstuffs 
together with their calculated energy values carried out by B- H. A. 
Plimmer for the War Office, and recently published in book form.^® 

(Janned Foods. 

Several important pajiers on the subject of canned foods have 
recently been ])ublished. A comprehensive investigation of the 
factors influencing heat penetration and sterilisation in canned 
foods is being conducted by W. D. Bigelow and his collaborators 
in the Research Laboratory of the National (banners’ Association, 
Washington, D.C.^® It is well knowm that high temperatures alone, 
in the region of 120° to 14()°P., are insufficient "to kill the spores 
of ,the more resistant bacteria. A combination of time and tem- 
perature is necessary. Bigelow has determined, for a number of 
thermophilic organisms isolated from spoiled canned foods, the 
relationship between temperature and time necessary to effect 
sterilisation. To take an example, 200,000 spores per c-.c. of a 

Biochem. J., 1921, 15, 654. 

E.P. 161,238 ; J., 1921,406a. 

« J., 1921, 79r. 

** Diet in Relation ta Normal Nutrition, 1921, ft. M. Stationery Office. 

“ AjoalyBes anh Energy Values of Foods,” R. H. A. Plimmer. H. M. 
Stationery Office, 192C. 

(1) Heat Penetratiop in processing Canned Foods,” W. D. Bigelow. 
G. S. Boshart, A. C. Richardson, and C. D. Ball. Bull. No. ,16-L., Research 
Laboratory, NalAonal Canners' Association, Washington, D. C. August, 1920. 
(2)* “ Relation of Processing to the Acidity ’of Canned Foods,” W. D. Bigelow 
andT. H-Cathcart.‘ Bull. No. IT-L. Jan., 1J921. ‘ (3) “ The Thermal Death 
Point in Relation to Time of Typical Thermophile Organisms,*' W. D. Bigelow 
Bad J. R, Ecty, Joumahof Infectious Diseases, 1920, 27, 602. , 
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certain strain of U thermophilic organism were destroyed in 1320 
minutes at 100° C., 090 minutes at 105° C., 225 minutes at 110° C., 
54 minutes at 1 15° C., 23 ‘minutes at 120° (1, 8 minutes at 125° C., 
3*5 minutes at 130° 0.,* 1*5 minutes at 135° 0., and 1 minute at 
140° C. 

The time ]'e(pni‘(;d to destroy all the spores in a suspension of a 
definite strength is intluen(;(*d to a consideral^(^ dc'gree hy tin* 
acidity of tin; licjuid.. The greater the acidity the less the time 
recpiired for sterilisation at- a giv(‘n temperature. Bigelow gives 
data, in tei'ins of values, for the acidity of a large number of 
foodstuffs, and it is noticeable that the valm^s of all the natural 
foodstuffs examiiK'd are definitely on the acid sid(; of neutrality. 
For diffei-ent fruits the valuers lie, for the most ])ai‘t-, between 
3-0 and 4-0, for vegetabh^s between 5-0 and 0-0* and for fish between 
(>■0 and 7-0, although there ar(‘, naturally, individual exeej^tions. 
The acidity of most foodstuffs is found to increase slightly during 
“ ju'ocessing,” and it- is suggested that this imxy be du(^ to sev(‘ral 
(;aus(‘s, such as actual formation of acid substances, combination of 
aldehydic groups, e.f/., in sugars, with the amino-groups of proteins, 
and removal of buffer substances by coagulation and jwcijh- 
tation. 

It was further found that the initial concentration of bacttTia 
]nes(‘nt influences greatly th(‘ time re([uired. The greater the 
numb(‘r of spores, the longer must the liquid be exposed to a given 
temp(U’ature to ensures complete; steiilisation. Why this should bo 
so is not cl(‘ar. One would expeed that when once the conditions 
favourable; te) the destruction e)f a jiarticular bacterial species had 
been attaine'd, each individual would be aff(‘cted to t|je same degree, 
ho\^'e‘ver man^i w^e^i present, or, at any rate, that th(‘ elifierences 
due to normal v^ariafioji within the* stu‘cios would be* inconsiderable. 
This e'lb'ct of bacterial cmiceiitration has bex'ii note;(l by other obser- 
vers, and ( Fijkmipi^'^ concludt'el that it was due* to some protc'ctive 
action exerted by substances given off into the meelium by the 
killed bacteria. 

re)ssibry theie may be some connexk)ii betwe'cn this protective 
action and the* hyiR)thetical X-substanee ’’ assumed by T. B. 
Robertson to e'xist in bacterial infusiona.'^^^ He finds that the 
multiplication of infiisoria is accelerated by the adelition of a 
solution in which bactei'ia have been grown, even •though the latter 
have been killed by heat or u moved by filtratioB, and argues that 
the effect must be due to the presence of sopae soluble, non-volatile, 
thermo-stable product arising from the inhabitation of the medium 
by bacteria. He further finds that, while single cells of certain 
infusoria are readily killed by exposure to temperatures above 

BiochcinlZeits., 1908, u/l 2. 

Biochem. J., 1921, 16, 595. • 


2u 2 



484 KEPORTS OF THE PKOORESS OF, API/ LIED CHEMISTRY. 

€ ^ 

30° C., cultures containing a large number of individuals will 
survive continued exposure to considerably higher temperatures. 

In the actual “ processing of canned foods by steam -heating 
under pivssure the time taken for the centre of the can to attain 
retort temperature varies greatly with different foods. Measure- 
ments W'ore made with a copper-constantan thermo-couple placed 
in the centre of the can. which was then processed in the usual 
manner, and the temperature recorded at regular intervals of time. 
This method is the same in principle as that adopted by G. E. 
Thompson in 1919^® Apart from the size of the can, which is 
naturally one of the chief factors influencing heat penetration, the 
nature and consistency of the food are of importance. Heat is 
transfeiTod from the outside to the centre by convection and 
conduction. Where Ahc foodstuff consists of fairly large particles 
surrounded by an aqueous liquor, syru]), or brine, the transfer of 
heat by convection occurs as quickly as in pure water. Peas and 



runner beans are typical of this class of product,>nd heat penetration 
is comparatively rapid. The presence of starch in solution retards 
heat penetration until a concentration of about 6% is reached, after 
which increasing concentration of starch exerts no further influence. 
It appears probable that other colloids, such as gelatin in meat 
products, would have tjhe same effect. Foodstuffs which are in a 
pulpy or finely-divided state, such as spinach oi;, tomatoes, by 
suppressing convection currents, greatly retard the rate of heat 
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the rates of hftat pc'netrjwtion for baked bt'ans in plain sauce and 
tomato sauce respectively when processed in No. 10 cans. 

The theoretical curves for the rate of heat penetration are* ‘ 
logarithmic, that is tc^ say the rise of temperature in each short 
period of time is a constant fraction of the rise in the similar period 
immediately preceding. The actual* rates of heating are found to 
approach closely the theoretical logarithmic curves. Other factors 
affecting the time required for processing are the initial temp('rature 
of the food and the s^)ecd of rotation of the can. 

The thermal death time curves for the raos^ resistant bacterial 
spores are also logarithmic in character. By combining the data 
for rates of iieat penetration with the thermal death time curves, 
Bigelow^ deduces ‘‘ equivalent lethality (mrves ” for each particular 
foodstuff in cans of a stated size. These curves show the time 
required for processing the food at differenft retort temperatures. 
The canner has thus for each foodstuff a definite range of time and 
temj)erature limits v\'hich w ill ensure 100% destruction of bacterial 
spores, and can select fyoni them that combination which produces 
the best quality of product, with the assurance of a minimum loss 
from spoilage. 

•The above arc only a few of the interesting points dealt with in 
those reports, which should be studied by all w ho arc interested in 
the manufacture and examination of canned foods of all kinds. 

In a special Report to the Food Investigation Board, W. G. 
Savage^® deals with the methods used for the inspection of canned 
foods and their reliability for this purj)osc. Bractically all canned 
foods with the exception of evaporated milk are packed under 
more or less of a vacuum. This is effected either by sealing the 
tins in a vaeij^im sealing machine, or by ijassing the filled tins 
slowly throrugh ti steam exhaust box and soldering the vent while 
the contents are still hot. {Sometimes the central hole as well as 
the cap is soldered in the cold and the tins then i?ut into the retort 
and given a shoft heating with steam. After removal from the 
retorts and while still very hot, the central soldered hole is momen- 
tarily evened with a hot iron, and re-soldered when the internal 
pressure has been .relieved. On cooling, the tins should therefore 
show concave collapsed sides closely pressed against the meat or 
other contents. The tests employed for the inspection of canned 
foods before they arc passed for consumption, include “ palpation ” 
and “ percussion.” Definitely ‘‘ blown ” or bulging tins, in which 
there is obvious pressure* due to bacterial •decomposition, are 
readily detected by eye, but the less pronounced degrees of spoilage 
are apparent only by the feel of the tins and by the note emitted 
when they ar§ tapped with the finger or with a piece of wood. The 

46 “ 'pj ^0 Methods used foi* the Inspection of ^!!anifed Foods and their 
Reliability for\his Purpose,” W. G. Savage, H. M. Stationery Office, 1920. 
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“ palpation ” test in the hands of an experienced inspector serves 
to detect springiness in the tin, that is to ^say, the vacuum has been 
lost and the tin is no longer closely adherent to the meat. This loss 
of vacuum can bo due only to access of air ^or to production of gas. 
The sani(' def(‘ct is indicated by the “ p(Tcussion ” test. ]f a sound 
tin be tapped it emits a dull note, but if the tin anti the meat be not 
in contact at any point, the note is tym])anitic. A further test is 
that of shaking the, tin, when a eharacteristit; sound is heard if the 
contents be senii-li(^uid or “ sIo])py." iSaA agcf subjected to bacterio- 
logical exainijiation a large number of canned meats which had been 
rejected by the trad(‘, or ]>y Food Inspectois of Port Sanitary 
Authorities, for ont‘ or other of the above reasons, and found that 
in the gre^at majority of cases the contents ()f the condemned tins 
wei’e stepil(\ Tn other eases the bacteria ])i‘esent vere scanty and 
unim])o]tant and could not be said to ha\(‘ naidered the meat 
unlit for consum])tion. Whil(‘ ‘‘blovii’’ tins, showing evidence 
of internal pressure, are definibdy unfit for food, it does not follow 
that tins which have lost their vacuum through minute leaks arc 
unsound, although they may ptu'haps be classed as pot(*ntially 
unsound. Figui't's are given in the Re}K)i-t showing the, annual 
w'astage of canned meat at the ports, and it is suggi‘sl('d tha^ it 
might be practicable materiallj to reduce this wastage by replacing 
sound meat in tins and re-processing it. 

While it is generally accepted that the blowing ’’ of tins is due 
to bacterial action, H. 8erger^’ considers that in many cases it may 
be caused by the evolution of hydrogen from the action of acid foods 
on tin-fdate. gives analyses of the gases found in a number of 
blown tins containing vegetables. Carbon dioxide and nitrogen 
were usually pir^dominant, but in certain cases as much as (X)% of 
hydrogen was present. It w ould seem , how ever, liighly improViable 
that the presence of hydrogen can be attributed to the action of 
acids on the tin. . If this w ere so one would expect to find pressure 
develo2>ed in the greater number of canned foods* especially cannt'd 
fish, w^hich often contains considerable (quantities of tin. A. C. 
Chapman, in 1913,^® showed that tin w^as slow ly dissolved b/tartaric 
acid in presence of a small quantity of oxygen „,w'ith the formation 
of stannous tartrate, and it is 2 )ossible that th6re is sufficient air 
or dissolved oxygen in most canned foods to account for the solution 
of tin in this A^ay without evolution of hydrogen. 

With modem methods of manufacture and inspection of canned 
foods the normal Icfes from spoilage can, by the exercise of constant 
vigilance and attention, be? kept down to 1 *5% or less. If ins 2 )ection 
be defective, the spoilage may be very high, and it is jlossible that a 
certain amount may reach the consumer in a statp more or less 

Z, Unters. ifahr.^mussm.y 1921, 41 , 49. 

« Cham, Soc, Trans., 1913, 103 , 775. 
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unfit for consutnption. 14 is important, therefore, to enquire what 
is the effect on the healjth of the consumer of food which is in a 
state of incipient or active decomposition. From experiments 
carried out on kittens. Savage^® concludes that, although certain 
bacteria associated with putrefaction, such as B. 2 >rbieus, are 
pathogenic wdien injected under the'skin, they appear to Ije quite 
harmless when fed to animals. Most of the putrefactive* anaerobes, 
such as B. iiporogmes and B. putrifiem, are harmless both when 
injected and when ft*d. (*vidence as to the toxicity of the 

so-called “ptomaines” and protein degradafion products rests 
entirely upon injection experiments, and there is no evidence that 
they have any material toxicity when introduced by the mouth. 
Food poisoning outbreaks are due to specific food -poisoning bacteria 
or their specific toxins, and no outbreaks have yet been recorded 
as originating fi'om the consumption of food in a ])utr(‘fying con- 
dition, unaccompanied by these specific bacteria. At the same 
time, as Savage points out, it is not safe to assume from experiments 
on kittens that tainte(;J food is perfectly harmless to man. The 
animal experiments showed some loss of w eight and disturbance of 
nutrition with the very large doses given, and the intestine of man 
nfay be particularly sensitive to such influences. Moreo\'er, if 
food be found to be decomposed it has evidently been (‘xposed to 
conditions favouring bacterial infection and such infection may 
include the specific bacteria associated with food })oisoning. Savage 
cites, as a closely parallel instance of the conflicting views regarding 
^ general and s])ccific causation of disease, the incorrect and 
ex2)]oded hypothesis that bad drains and drain air are the actual 
cause of diiditheria outbreaks, wdiereas it is now recognised that 
such outbreak^^riginate with an infecting case or contact. 

"rtie alleged t'^xicity of badly blown canned foods has also been 
investigated by Serger in the paper referied to above. Mice, rats, 
and rabbits fed on these foods remained fin good health in almost 
all cases. * 

In a Report to the Ministry of Agriculture and Fisheries on the 
methoSs of fish-canning in the British Isles, J. Johnstone^® reviews 
the present statc*of the industry in this country. Although the 
position of these* islands as regards seaboard and access to fishing 
grounds would seem particularly favourable to the development 
of a flourishing fish-canning industry, we are apparently far behind 
foreign countries in this respect. Possibly this is (lue in some 
measure to the seasqpal distribution of the sprat, w hich is the ideaJL 
fish for a canning industry. British splats are caught only in the 
winter and (he summer sprat is unknowm. In Norw ay, on the other 

J. Hygiene, 1921^ gO, 69. 

60 “ The*Method8 of Fish planning in England,” J? Johnstone ; Fishery 
Investigations* Series I., Vol. II., No. 1, 1921. H. M. Stationery Office. 
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hand, the sprat comes into the fiords ii^.the summl^r and autumn, 
and when caught at this period of the y.ear is superior in quality 
to the winter fish. Whether we have here to do with two different 
tyi)es of fish, or whether the British sprat ^migrates in summer in 
search of the richer micro-crustacean fauna of the Norw egian fiords, 
is not, clear. 

So'me interesting analyses are given, showing the seasonal variation 
in the composition of herrings, sprats, and mackerel. Not only is 
there a seasonal variation in the amount of fjrotein present, hut it 
would seem that the actual composition of the protein, as indicated 
by its varying nitrogen content, is subject to seasonal fluctuations. 
No doubt this is due, in great part, to the annual building up of a 
considerable mass of highly nitrogenous phosphorised protein into 
the substance of the ova or spermatozoa. 

Still greater variations arc found in the proportions of water and 
fat. An April herring from the Isle of Man may contain as little as 
1-7% of fat, while in August the fat content goes up to 29*7%, the 
water content varying in inverse proportion. In sprats the per- 
centage of water plus fat is nearly constant, being rouglily 80*5. 
The most abrupt change in composition occurs, of course; during the 
spawning jjcriod. * 

The “ maturation of canned fish is another interesting point 
discussed in this report. Pilchards, herrings, and sprats preserved 
in hermetically closed tins must “ mature ’’ for at least six months 
before they attain their best condition as food products. In some 
cases the process of maturation is said to proceed during five ye^s 
or longer. The crude and “ raw ” taste characteristic of the freshly- 
packed fish disappears on maturation. The bones become friable, 
the flesh soft afid pasty, and the flavour improves very notably. 
Maturation can hardly be due to the action of intracellular enzymes, 
which would probably be destroyed at the high temperature of 
cooking and sterilisation. Moreover, maturation does not appear 
to be accelerated by keeping the tins at temperatures favourable 
to enzymic action. It is possible that the effect may be due to 
the action of thermophilic bacteria, but this would in all protability 
be accompanied by gas development and blowing of the tins. The 
suggestion is made that maturation may be due to the catalytic 
action of the tin dissolved from the inner surface of the can. It is 
well known that cajined fish products often contain an abnormally 
large amount of tin^ the quantity increasing with age until the tin 
^coating is sometimes found to have be^n completely stripped from 
the iron. ^ , 

Johnstone expresses the opinion that British factory methods 
are^ with the exception of the best class of summer-packed East 
■Coast herrings, capable of much improvernent. Morp care is re- 
quired iff Jbhe selection of the fish, the mechanical i}acking, the 
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quality of the oil ^?mployed, and the Aariety of condiments used. 
Given the necessary improycmcnt in methods, the British summer 
or autumn herring is at legist as good material for canning as any 
other fish throughout thq world. 

In the Report of the Food Investigation Board for 1 920 Is given 
a general account of work in jn-ogress on the chemical clyingcs 
occurring in ti’eatcd and untreated herrings. A method for the 
determination of trimethjdamine has been worked out, based on 
Foreman's alcohol titriftion method, and the part played by this 
substance in determining tlie quality of herrings is being studied. 
Concurrently the causes of maturation are being investigatt'd, and 
it has been ascertained tliat wldJe the matured product shows a 
large increase in volatile bases and organic acid radicles, the increase 
in amino-acids is not so great, indicating that extensive proteolysis 
does not occur. 

Cold Storage. 

The importance attached to cpiestions of cold stoi’age of foodstuffs 
is shown by the fact tha<? of the six Committees organised by the 
Food Investigation Board no ](‘ss than four arc concerned chiefly 
with this subject. A Low -Temperature Resc^arch Station is being 
established at (Cambridge and should shortly be ready for work. 
In an interim Report of the Fish Preservation Committee®- the 
question of dealing with large gluts of fish is considered. Rapid 
freezing in cold brine is far iweferablo to slow freezing in air. The 
time required for brine freezing is only one-tenth to one-fifteenth 
of that needed for freezing in air, and there is far less opportunity 
for differential freezing of the various constituents, v ith the result 
that on thawing, tlie flesh is in practically the same condition as 
when fresh, no ration of the juices having occuAed. In fact, 
it is stated that the living muscle of a frog is not killed by very rapid 
freezing. Several points of interest are dealt with in tjiis Report, 
among them the curious phenomenon of drying* in cold store. 
Although the vapour tension of ice at 0°C. is only 4-6 mm., there 
is a definite, though slow, evaporation of moisture from the food- 
stuff. In general, owing to faulty insulation, the temperature of 
the chamber and of* the foodstuff is somewhat higher than that 
of the freezing pipes. 'Water vapour will therefore pass continu- 
ously from the foodstqff to the pipes, on the surface of which it 
condenses in ice crystals, so that on prolonged sto^;age tW foodstuff 
becomes almost qomplelely deprived of moisture. This can, of 
course, be avoided to «ome Extent by glazing the fish or other 
foodstuff with a thin coating of ice, by freezing it in a solid ice- 
block, by wTapping each article in glazed paper, or by packing in 

" F. W. Foreman, Bioch^. J., 1921, 14, 461 ; J., 1920, 613a. 

“ Food Inv^tigation Soard, ^Special Beportt No. b. M. Stationery 
Office, 1920. • 
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boxes lihi'd with glazed paper. All these methdds n\('an more or 
less increased cost and labour, which have to be considered wdieii 
dealing with a sudden glut. It is clcju* that one of the ways in 
which drying may be minimised is by ^ more eflieient insulation, 
and tliis has be(ai dealt with by the Enginei'iing Committee in a 
Report to the hood ln\estigation Jhiard.'’^^ Theii- findings, that 
the heat flow through insulatois depeiids upon tlu' relative ]>repon- 
derance of conduction through the aciual solid partich's and of 
convection by ineans of tln' intervening ;tir sjiaei's, an' strikingly 
similar to the results obtained by Bigelow for lu'at })(‘net ration 
in canned fo» ds, referred to above. 

In a su])pleuu niary note' to the Report o iei'caiei' is made to an 
insulating material consisting of nihluT o\j),. ltd l>y gas into a 
highly cellular form. The rubln'r is ]. uleanisation 

under high gaseous’ pressure amount iiil to i.> .i.. h a- '’() atmos- 
pheres. The iiressure is gradually nit (>(i du. a j II. cooling 
stage, giving a produel peni't ittd wit]' uinin ■ ei ils, each 
enclosed by an unbroken raeinbr.inc of r,-,). ' r '] ' ia at conduc- 
tivity of this material is slated to be 1 tli.'in tt.a* of (ork, or of 
any other substama* studied in tht (ourse ol to 'ji\. di^.atic/ii. 

The freezing of fish is the subject, of two jiatent^ gianled ho tin* 
Imperial Trust for the Eneouiagemcnt of Seieiititie and Industrial 
Research. 

The “ black spot " fungus of cold stores, to which rd'erence was 
made in last year’s Annual Report, and which was originally 
investigated in 1910 by J. M. Hamill and G. Massec, on bclialf of 
the Local Government Board, is the subject of a special Report 
to the Food Investigation Board. It appears that this fungus 
grows best oii meat at a temperature of O'" (d or just below^ it. At 
temperatures slightly above freezing-point bacterial grow th on the 
4 Surface of the meat is usually so vigorous as to inhibit more or less 
completely the development of the fungus. 

Storage of Fruit. 

t 

Investigations into the processes which occur during the ri] tning 
and preservation of fruit are being conducted by a number of 
workers. M. W. Onslow's work on oxidases was dealt with in the 
Annual Reports for 1919 and 1920. She has since examined a large 
number of plants and fruits for the presence of the catechol 
oxygenase system.®® This system pf ferments causes post-mortem 
changes in flavour an4 colour, and it is oi«ly those fruits which arc 

Food Investigation Boards Special Report No. 5, 19lil (E. RriffithR). 

E.P. 154,250 and 154,669 ; J., 1021, 95a. 

J. Hygiei^, 1912, 12, 489. Food Invast^gaHon Board, Special Report 
No. 6, 1921, F. T. Brooks and M. N. Kidd. 

^ Biochem. J., 1921, 16, 107, 113, 
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lacking in tlie co/nplete system, such as the strawberry and currant, 
which can be kept in a cop/lition satisfactory for jam-making when 
frozen in contact with air.^ 

Some remarkable results have been obtained by the “gas” 
storage of apples. It is wtII known that fruit on storage continues 
to respire in much the same w^ay as growing plants, oxidatk)n of 
the tissues occurring with evolution of caibon dioxide. If the 
fruit be stored in an atmosphere containing a higb concentration 
(14%) of carbon dioxMe, and a correspondingly kw proportion 
(8%) of oxygen, loss of reserve material by respiration is greatly 
reduced. The apples, moreover, arc less susceptible to attack by 
moulds, and the changes in composition in respect of sugars and 
pectin are similar to tht)se occurring in cold storage. Gas storage 
doubles the life of apples as comj)ared with ordinary storage in ah. 

r. Tutin has found that th(^ pectin of applts when acted upon 
by alkahs yields sodium pc'ctate, acetone, and methyl alcohol.^" 
The action of the enzyme pectasc in presence of chalk results in the 
formation of g(‘latinous , calcium pedate, together with methyl 
elcohol and acetone. Tutin draws attention to the fact that both 
methyl alcohol and acetone have been found to be prese nt in cider, 
beir^g doubtless derived fi*om th(‘ pectin of the apple juice, and 
K. O. von Lippmann-’'* attributes life pix'sence of methyl alcohol 
in rum to the decom 2 )osition of jH'ctin deiived fToin the sugar cane. 
As much as 7-5-8*5% of mctjiyl alcohol was found in three samples 
of rum. 

Acidity of Foodstuffs. 

Methods of estimating the acidity of organic mixtures in terms 
of the actual concentration of hydrogen ions have hitherto been 
confined in the-^UHin to bacteriological anti biocTiemical work, 
[n food analysis it is usual to determine acidity by titration, and 
to express it either in terms of the amount of standard alkali requirtd 
for neutralisation to ciutain indicators, or as a pdeentage of the 
particular acid to which the acidity is mainly due. While in many 
cases this method may still be preferable, there is little doubt that 
for some purposes a knowledge of the actual concentration of 
hydrogen ions in tl^t* solution is of far greater significance. Two 
methods can be employed, one depending on the use of the hydrogen 
electrode and potentifyneter, and the other on the eiqployment of 
a range of indicators so chosen that the colour change of each 
occurs at a diffci’ent point in the scale of acidity. The former 
method possesses the disadvantage of req^hing somewhat compli- 
cated apparat^us and exact observance of delicate manipulative 
details, while the latter, although admirably adapted for use with 

” Report of f'ood Investigation Board for 1920, p. 18. 

68 Biochem.tI., 1921, 16, 494 ;V., 1921, 746a. 

Biochem. IZeits., 1920, 106, 236, 
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colourless or slightly coloured solutions, is usejet^ wlu ii the liquid 
is very dark. The dialysis indicator ipethod, in which the liquid 
is dialysed through a collodion meml^rane against 0-9% sodium 
chloride, and the value determined, li)y means of indicators, 
on the dial y sate, w'ould seem to overcome the difficulty w ith coloured 
solutions,®® 

N. hlvers*^ has given a useful table of indicators adapted for 
approximate determinations in a commercial laboratory, and the 
writer has dealt w ith the practical application of the electrometric 
method. It will be noted that one of the indicators used by Evers 
is bromocresol puiqde, the employment of which in the routine 
examination of milk samples was referred to in last year’s Report. 
L. Michaelis®^ adopts a different method of working with indicators. 
He prepares a series of tubes containing \arying quantities of 
m- and p-nitrophenol and a- and 7 -dinitroph(‘nol, each in a measured 
quantity of sodium carbonate solution. There is thus available a* 
set of indicators from among which oik' can be found that gives a 
medium tint, neither deep yellow' nor ^colourless, when one c.c. 
of it is added to 6 c.c. of the liquid to be tested. The acidity of 
the liquid is then found by reference to a table. The range given 
by this series of indicators is from p,,— 2*8 to 8*4. r 

According to W. Ostw’ald and A. Kuhn®^ the acid taste of a liquid 
does not depend only upon the hydrogen ion concentration. The 
extent to which a particular acid causes the sw elling of gelatin, and 
the presence or absence of salts and buffer mixtures have a con- 
siderable effect on the acidity as estimated by taste in solutions 
possessing equivalent hydrogen ion concentrations. 

That the intensity of taste of a substance does not necessarily 
run parallel Kith the actual amount of it in solution is shown by 
T. Paul in an investigation of the sweeteming power of saccharin 
and dulcin,®® Saccharin is usually stated to have a sweetening 
power 450 times, and dulcin 250 times that of cane sugar. Paul 
show^s that this relationship varies with the ‘concentration. The 
more dilute the solution the greater is the sw eetening power of these 
substances relative to that of an equal concentration of cane sugar. 
Thus the sweetening power of saccharin m^y vary according to* 
concentration from 200 to 700 compared with'cane sugar as unity, 
and that of dulcin from 70 to 350. A mixture of 280 mg. of 
saccharin ahd 120 mg. of dulcin in one litre olt water has a sweetening 
power equal to “that of 535 mg. of saccharin per litre, although 
•® B. Kramer and C. H. Greene, J. Eiol. Chem.y 1921, 46, 42 ; 1921, 

317a. ‘ * 

Analyst, 1921, 46, 393; J., 1921, 873a. 

Analyst, 1921, 46, 316. 

Woch. Brau.y 1921, 88, 107 ; J., 1921, |90a. 

KoZioid-ZeW, ,1921, 29, 266; J., 1021, S^U, 

:Chem,’Zeit,y 1921, 46, 38, 705 ; J., 1921, 128a, 601a*. 
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dulcin alone is much less sreet than saccharin. It is of interest 
to note that, according to^S. Furukawa,®® the sweetest compound 
known is a-antiperillaldox\me, which is 2000 times sweeter than 
sucrose. This substance, is a derivative of perillaldehyde, a con- 
stituent of the essential oil of Perilla Nankinensis. ’ 

L. Griinhut®’ draws attention to the occurrence of Isevplinic 
acid, CHa.CO.GHg.CHo.fXlOH, in many soup extracts prepared 
from vegetables. Lsevulinic acid results, together with formic 
acid, from the action of mineral acids upon hexose sugars, and 
is therefore to be found in many foodstuffs if their preparation 
has involved the use of mineral acids. The method f)f (estimation 
depends upon oxidation by means of chromic acid to acetic and 
carbonic acids, the mixture being then distilled and the acetic acid 
determined by titration. Allowance must be made for formic 
and acetic acids pr(;sent as such in the foodstuff, and special 
precautions are necessary if lactic, acid be present, since this acid 
is also oxidised to acetic acid under the same conditions. 

Milk and Dairy Proddcts. 

The disposal of whey from chc'cse factories appears to be a matter 
of cbnsiderable difficulty. According to W. G. Savage®^ there has 
been a consickirabh^ (lev(‘lopnu‘nt of milk depots and factories 
in the West of England during the last few' years. Many of these 
factories convert the surplus piilk of the summer months into cheese, 
with the result that there is a large quantity of whey to be disposed 
of. Whey consists of an approximately 5% solution of lactose, 
together with smaller quantities of lactalbumin, fat, and salts, 
and on keeping undergoes lactic and butyric fermentation. Ob- 
viously the metli/)d frequently adopted of running ^t into streams 
is opcSi to sefiou^- objection. Apparently the (quantity which can 
be disposed of by feeding to pigs is limited by various considerations, 
and it is not at present remunerative to evaporate wiicy for recovefy 
of lactose. Apart from the administrative and sanitary questions 
involved, it seems a pity that such large quantities of potentially 
valuable*material should be w asted, and a method for the economical 
recovery of lactose (ir lactic acid from whey would be of great value. 

The manufacture of lactose from whey is the subject of two 
recent patents,®® in w^hich the precipitation of lactalbumin prior to 
evaporation is effected by the addition of an alkalirie sulphite or 
thiosulphate. The latter, in pK^sence of the fred acid of the whey, 
gives rise to negal^ively charged colloidal sulphuif which precipitates 
the positively charged ’albumin . In another patent’® it is suggested 

«® J. Tokyo Ghem. Soc., 19^0, 41, 706. 

Z. Ukcrs,,Nahr. Oenuaam., 1921, 41, 261 ; J., 1921, 713a. 

®® The Medical Officer, ^Jov. i)th, 1921. 
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that sour whey should be utilised as a feeding sticfT’by incorporation 
with straw which has been subjected to alkaline hydrolysis. 

The application to milk analysis of^ methods depending upon 
osmotic pressure has attracted a number of workers at various 
times. 'There is good reason to believe that milk, at the moment 
of its^production in the mammary gland, ])ossesses the same osmotie 
pressure as that^ of the blood, from which it is separatcxl in the 
gland by a semipermeable numibrane. The osmotie pressure of 
mammalian blood-serum is remarkably constant. It has been 
shown that the osmotic pressure of milk, as measured by the 
freezing-point, is the least variable of all the analytical and physical 
data and affords the most accurate means of dtdeeding the fraudulent 
addition of water. The determination of the freezing-])oint does 
not readily lend itself to the routine examination of milk samples, 
and, moreover, it iA' useless if lactic acid fc'rmentation has com- 
menced . The osmotic pressure of fresh milk is du(‘ mainly to lactose 
and chlorides, and IMathieu and Ferre’s figure, based on the percen- 
tage of these two constituents, ap])ears t<^ be widely used in Franct' 
for the detection of added water. 1 1 is doubtful , how ever, whether 
this figure takes sufficient account of the complex nature^ of the 
soluble constituents of milk, and the information given by it would 
seem to be little superior, in point of accuracy, to that given by a 
det(*rmination of non-fatty solids. 

It might be possible to devise a forrarula, based on the determina- 
tion of several of the soluble constituents, which would indicate the 
amount of added water with a near approach to accuracy, but the 
analysis would have to include many other substances besides 
lactose and chlorine. 

In coiinexiofvi Avith the composition of milk,, attention may ho, 
drawn to the apj)lication to analytical records of the niethods used 
by statisticians, and successfully employed for many years in 
agricultural research.'- The variations in the (jomposition of 
naturally occui-ring foodstuff’s, Avhether of plant or animal origin, 
are due primarily to idiysiological causes and follow more or less 
closely the regular laws of variation. For most purposes average 
figures, or ranges of figures, are taken as representing the normal 
composition of the foodstuff in question, and samples falling outside 
these limits are classed as abnormal. In the majority of cases they 
are probably' not abnormal, but are a necessary consequence of the 
laws of normal variation. Unfortunately the ^correlation of a 
large number of ii^ures by statistical raethpds is a laborious pro- 
ceeding, not to be lightl^f undertaken, but there is little doubt that 
the application of stlch methods to the tnass of analytical data, 
more especially as regards milk, which have now been accumulated, 

A. Auguet, Ann.,Fahif.y 1921, 14, 2041 
’2 G. W. Mod ior- Williams, Anahjsty 1920, 45, 203. 
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would throw frej^h . light or» the extent of the Variations to be 
expected, and must ultimately be of assistance in determining the 
causes which lead to such v^ariations. 

W. N. Stokoe’-^ has x>’iblishod the results of a long series of 
investigations on the rancidity of butter and margarine fats. He 
finds that rancidity in these fats is caused almost wholely by the 
action of micro-organisms. In pure fats the ])rcliminary hydrolysis 
leading to subsc'quent oxidation and ranci(lity is brought about 
by moisture, air, and light, assisted to some (‘xtent by traces of 
lipoclastic enzymes which have withstood the high temperatures 
of refining. Micro-organisms arc not concerned in the production 
of rancidity in pur(‘ fats, and if introduced into the fat they (piickly 
die, since the fat, being insoluble in water, cannot afford nutriment 
to the cells. In butter and margarine, however, vdiich coiftain 
wat(‘r and milk solids, the conditions arc diffetc'nt, and several of 
the commoner siietdes of moulds and spore-forming Jiacteria were 
found to b(‘ concerned in producing various forms of rancidity. 
Mould sjiorc's in fats and oils appear to be very resistant to high 
temperatures, being abk; to survive a temperature of 150°-170° 0. 
for several hours, and infection is liable to occur also during subse- 
quent} filtration of the oil and working and packing of the margarine. 


Kgg Powders and Baking Powders. 

It might be held at first sight that the terms “ egg powder ” and 
“ powdered egg ” should refer to the same product, but this is by 
no means the case. Several “ egg powders ” have been examined 
by P. F. Beach, F.>fk Needs, and E. Russell’^ and it^vould appear 
that tlfis nan ui* has for many years been applied by the trade to 
ordinary baking powders coloured yellow. It is only since the 
recent introduction of dried powdered egg that ^ambiguity ha§ 
resulted. 

An ingenious method of rendering a baking pow^der stable to 
moisture ft that of coating the particles of one or both ingredients 
with a fdm* of solid cellulose acetate or formate. At the baking 
temperature the cellfilose e&tera are decomposed and the ingredients 
of the powder can react."® 

It appears that both lactic and mucic acids are uSed Ux some 
extent as ingredients of baking powders, and a test for lactic acid, 
depending on the red cgloratidn produced with shlphuric acid and 
guaiacol, is given by L. Hartwig and R. Sahr.’® 

” J., 1921, 75t. 

Aruihjst, 192i, 46, 279 ;.J., 1921, 634a. 

’6 G.P. ,336.665 ; J.. 19^1. 59flPA. 



496 


REPObS^S of the p'rOGRBSS of applied CHEMISTRy. 

Metals in Foodstuffs. < 

Data as to the presence in plant and animal tissues of minute 
amounts of metals and other elemcrits are always of interest 
owing .to their possible connexion with catalytic or enzymic pro- 
cesses. J. S. Jones and D.' E. Bullis” find that many of the com- 
mon^ groAvn leguminous plants contain manganc'se, in amount 
varying from 0-0()15 to 0*0140% of the air-dried substance. The 
largest ([uantities were found in the lea\('s. 0. Bc'rtrand and 
M. Rosenblatt’*' find that manganese is present in appreciable 
quantities in practically all plants. Bra<lley, in 1907, showed that 
many fresh-valer niollusc^s contain marigan(‘si^, which he believed 
to be dc'rived from certain diatoms capable of absoibing the metal 
from dilute solution in water. He suggested that this element 
may possibly be (jonccuTU'd in some way with the respiratory 
functions. The relationship of manganese and iron to the peroxi- 
dases of plants has been discussed by Bayliss in his monograph 
on the nature of enzyme a(;tion. 

Zinc is another metal widely distributed in foodstuffs. G. 
Bertrand and R. Vladcsco’® find it to be piesent in a number of 
terrestrial and marhu^ vertebrates, the quantity being at a maxipium 
in the early stages of growdh. It is well known that oysters may 
take up relatively large quantities of zinc, ccqipcr, and other metals 
from solution in water, and traces of these and other elements 
appear, as pointed out in last year's Report,' to be normally present 
in most plant and animal tissues. The presence of these metals 
may, of course, be purely adventitious, and in no w^ay connected 
with metabolic processes. It is possible that many such substances, 
existing in solution in the soil w^ater, may be drawn up into the saj), 
and may tencl to accumulate in those parts of the plant, such as 
the leaves, where the greatest amount of evaporation occurs. 
Any element which is present in the soil may thus be found in 
vegetable foodstuffs, and eventually in those of animal origin, 
without being necessarily associated with a definite function in 
metabolism. 

Feeding-Stuffs. f, 

Work has been continued in Germany on the alkaline digestion 
of straw, with a view to increasing its feeding value.*® Although 
the simpler polysaccharides and carbohydrates present in the 
straws are, as would be expected, partially destroyed by alkaline 
hydrolysis, especially under pressure, it is* found that the feeding 

” J. Ind, Eng, Chem., 1921, 18, 524. 

•’« CWptes remi., 1921,173,333; J.,. 1921, 633a. 

* Ibid., 1921, 172, 768 ; 173, 176. 

• 80 Xandw. VersuchB-Stat., 1921, 97, 5d ; 98 , 1, 43, 129, 249; J., 1981 , 

823a. • 
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value ui tiio lo laisod. 'This is Considered to be due to the 
removal of incrusting materials such as silica and lignin, and to a 
loosening of the cellulose fibres, whereby they are rendered more 
susceptible to attack by intestinal bacteria. 

E. C. Sherrard and G: W. Blanco®^ describe the preparation of a 
feeding-stuff by the hydrolysis of spwdust with dilute sulphuric 
acid under pressure. This method is essentially the same aLi those 
which have been employed in the United States for the production 
of alcohol from wood waste. Although the content of reducing 
sugars is stated to be raised by this treatment from nil to 16% 
it is probable, according to A. Wohl and K. Blumrich,®-^ that when 
cellulose is treated with dilute acids, the reducing sugars which 
pass into solution interact, on continued heating, with the residue, 
and form highly resistant reversion products. These might be 
less easily digestible than the original cellulose. 

G. Laupper®® puts forward a theory to account for the self- 
heating of hay in stacks, according to which bacterial action is 
not concerned in the process. He suggests that moisture is able 
to activate the oxidases present in dried green hay, w ith consequent 
chemical action and evolution of heat. The sequence of reactions 
assumed to occur is a complicated one, involving the production 
of ammonia, its oxidation to nitric acid, the action of ammonium 
nitrate on the carbon of caramelised sugars, and eventually the 
formation of pyrophoric manganese. 

The determination of cr^fide fibre by alteniate acid and alkaline 
hydrolysis, is the subject of an investigation by 0 Nolte ®^ He 
emphasises the importance of adhering strictly to standard con- 
ditions, since the results are greatly influenced by variations in the 
way in which the hydrolysis is carried out. Even the size of the 
basip and tl^p mr(. of boiling affect the results, and’the more finely 
ground the sample the lower is the amount of crude fibre found. 

A useful paper by A. Smetham and F. B. Dodd®® discusses the 
valuation of feeding-stuffs in terms of their “ starch equivalents,” 
and gives analyses of a large number of feeding-stuffs which have 
come under notice during the last fetv years. 

J. Ind. Eng. Chem., 1921, 18, 61 ; J., 1921, 192a. 

82 Z. angew. Chem., 1921, 34, 17 ; J., 1921, 158a. 

*8 Landw. Jahrb. Schweiz, 1920, 34, 1 ; J., 1921, 363a, 

Landw. Vers.^Stot., 1920, 96, 326 ; J,, 1921, 57a. 

88 Royal Lancashire Agricultural Society, Annual Journal, 1921. 
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SANITATION AND. WATEII PUEIFICATION. 

« 

By H. X. Calvert, D.8c., Ph.D., F.I.C., 

Ghemica] Inspector , Ministry of He/ilth, London. 

During the year under review progress in sanitation and water 
purification has l)een considerably hampered by sinmral economic 
factors. In the early part. of the year the high cost of labour and 
materials w^as the principal factor ; then foUowT^d a coal strike 
lasting for three morUhs, and a period of trade depression which 
has not yet passed. During the later months of the year, however, 
acute unemployment led to the formulation by local authorities 
of proposals to carry out various works for its relief, and among 
these works many schemes of extension to sewage disposal works 
and improvement of water supply were included. State financial 
aid has been available for carrying out such work and the year 
ended with a period of considerable activity. Scientific progress 
has not been of a revolutionary character, but has consisted mainly 
in the accumulation and application of further knowledge of the 
processes involved in the “ activated sludge ” or “ bio-aeration ” 
method of sewage treatment. 

Sanitation. 

As in last y^'ar’s Report, it is proposed under this headii^ to 
refer to the treatment of sewage and liquid trade refuse, the preven- 
tion of river pollution, the disposal of towns’ solid refuse, and 
disinfectants. 

Sewage. 

With regard to the well-known processes of sewage treatment 
on land and by means of artificial biological filters there has been 
no increase in knowledge during the year. Some local authorities 
have extended and are extending existing plant, whilst others 
have held badt in view of possible developments of the activated 
sludge process. In some cases the presence of trade refuse in the 
sewers has caused "considerable diffioalty at the* sewage works. 
This has been notably th^ case in rural districts where the dairy 
industry has been established and extended, and whei’e whey and 
milky washings from the factories have been discl^arged to the 
sewers. In sever/il instances sewage land ‘has been rendered sick 
and percolating ^terc have become sludged up. 
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In July the Mfoi^try of Bbalth, as a result of preliminary confer- 
ences with those interested in the 4ireatment of sewage and trade 
refuse, issued a cii’cular letter to local authorities, inviting their 
co-operation in an attemj^t to keep in close touch with any develop- 
ments taking place in these subjects. The response has bdbn very 
satisfactory, and it is the intention of the Ministry to issue ir^erim 
or annual reports upon the matter, with the concurrence of the 
local authorities concerned. 

It is to be hoped that the opportunity afforded by the drought 
during the year has bcim taken by local authorities to make gaugings 
of the dry weather flow of sewage reaching their sewage disposal 
works, as the importance of obtaining such gaugings is too frequently 
overlooked. In the case of manufacturing towns, however, there 
are two other factors w^hich must have had an influence upon the 
volume of sewage ; these are that, owing to bad trade, the volume 
of trade refuse has been diminished, and ow ing to th(‘ drought 
supplies of w'ater have in some cases been curtailed. 

The results of investigations which have been carried out in 
recent years on the activated sludge or ))io-aeration method of 
sewage treatment, are now beginning to be applied on a large 
scaW at various centres, and the Ministry of Health have sanctioned 
the raising of loans for the purpose of carrying out sewage disposal 
works on these lines by the (corporations of Reading, Stoke-on- 
Trent, Rotherham, and Sheffield. There is, however, need for 
much further experimental w^ork before it can bo said that the 
process is as widely applicable as the percolating filter method of 
sewage treatment. In the case of ordinary doiuestic sewages 
there is now no doubt that it is possible to produce a satisfactory 
effluent by the process, either by blowing air through (jr by agitating 
the m&ture of sewage and activated sludge. In the case of sewage 
containing varying quantities and qualities of trade refuse it is npji 
possible to pronounce an opinion without preliminary experiment 
in many cases, though the experience at Sheffield, Worcester, and 
Manchester indicates that certain proportions of waste pickle from 
metal wofks, brewery refuse, and dyeworks refuse respectively are 
without infiibitory effect. Discharges of oil into the sewers have 
been shown to have an inhibitory effect on the process, both at 
Sheffield and Manchester, but it is not yet clear whether the oil 
coats the surfaces of tfie particles of sludge or whethel* it forms a 
thin film on the surface of the liquid, ana thus prevents proper 
oxidation. Proba1)ly Ijoth factors play a part in the distinct 
inhibitory effect produced. * 

It must be said, however, that up to the present no works have 
been operated on a large scale’ to deal either with the whole, or a 
definite proportion of the Vhot, flow of sewage upto»three times the 
dry-weather flaw, though steps in this direction are now being 

•2 1 2 
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taken with the unit at Sheffield to wjiich refe,Tefice was made in 
last year’s report. The preliminary results obtained in working 
this plant have been given by J. Haworth and F. W. Hodgkinson^ 
in a paper read at the Annual General Meeting of the Institution of 
Municipal and County Engineers ^ The works at Worcester were 
descrjibed at the same meetiiig by W. Ransom. ^ Both the Sheffield 
and Worcester works remained in continuous operation throughout 
the year, cxcepU’ that the latter were stopped for a short period 
during the coal strike. After this stoppage the period necessary 
to bring the wofks into effective operation again was only some 
three weeks. 

The unit plant installed by W. H. Makepeace at the Tunstall 
Sew^age Works of the Stoke-on-Trent Corporation has also continued 
to yield satisfactory results, and this Corporation now propose to 
instal a unit plant at their Hanley Sew^age Works in order to relieve 
the over- taxed existing purification w'orks. 

The unit continuous-flow^ plant installed by E. Ai’dern at the 
Davyhulme Sewage Works of the Ma/ichester Corporation has 
now, after several set-backs, been brought into operation and is 
working at the rate of three quarters of a million gallons per day. 
The results will no doubt be published in the forthcoming Annual 
Report of the Rive^rs 'Department of the Corporation, and there is 
no reason to doubt that they will be satisfactory . The experimental 
plant constructed by J. D. Watson fof the Birmingham, Tame and 
Rea District Drainage Board, has continued in operation, and much 
valuable information has been collected, but this has not yet been 
published. 

Several Corporations are now experimenting with a view^ to 
testing the applicability of the process to their sew age, and deciding 
whether remodelling and extensions of then sewage works ‘can be 
more cheaply carried out on activated sludge lines. 

In America the construction of the large plant at Milw^aukce to 
deal with 65 million gallons of sewage per day is proceeding, but 
otherwise it cannot be said that a great deal of progress has been 
made in the adoption of the activated sludge process. We owe to 
H. P. Eddy ^ a very able resume of the present position of the 
process in which the theory of the process is dealt with and many 
inspiring suggestions for further research w,ork are made. 

In Canada, especially in the Province of Ontario where electrical 
power is cheap, ^very favourable results at comparatively small 
plants are reported. ^ * 

A very useful bibliography of the subject, compiled by J. E. 

" ^ Sv^rveyoTf July 8, 1921, 29 ; Engineering, 1921, 112, 86 ; J., 1921, 559a. 

• * Surveyor, JWy 8, 1921, 41. ^ 

* Canadian Engineer, Sept. 1 and 8,. 1921. 
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Porter and published by the’(ieneral Filtration Fo., Inc., Rochester, 
N.Y., has reached a second*edition during the year. 

Scientific contributions to the study of the process have been 
made by P. Courmont, Rochaix, and F. Laupin,^ and by F. 
Dienert.^ These workers conclude tlmt if the action is stopped 
as soon as the ainnioniacal compounds have disappeared frofti the 
sewage the percentage reduction of bacteria is vi^ry ijTegular and 
may amount to only abput fifty. A prolonged a('ration is necessary 
to effect a bacterial purification equal to that obtained in percolating 
filters. They have sliown that a period of aeration of six hours is 
sufficient to remove the cliolei*a vibrion from the sewage, but that 
this period is not usually sufficient to remove the bacilli of typhus 
and paratyphus. F. Dicnert has investigated the action of phenol 
on the process and concludes that in the presence of 0*5% the 
formation of nitrous acid is inhibited, although the ammoniacal 
compounds are removed, lie has also investigated the use of 
artificial sludge prepared from manganese dioxide, and has proved 
that in this case the removal of ammonia is a bacterial process and 
cannot be fully explained on the adsorption h 3 q)othcsis. In this 
connexion reference should be made to unpublished researches on 
the use of fine coal, ferric and ferrous hydroxides, fine sand, and 
silica gel for the preparation of activated sludges, by J. Haworth, 
J. H. (hirncr, and J. Garfield. 

It has been shown by F. N? Crawford and F. Barton,® by analyses 
of the air entering and leaving the ai'ration tank, that only some 10% 
of the air is used for aeration, and they conclude that the remaining 
90% is used Jor keeping the sludge and sewage in intimate contact 
by agitation. Results obtained by H. M. Wilson and J. W. H. 
Johnsgn’ supporf ^Ids conclusion. * 

With regard to thc^ part jdayed by higher organisms in the 
effective o])cration of percolating filters H. D. Boll* has agaifi 
drawn attention to the function of Achorutes viaticus in maintain- 
ing the filtering medium in a clean condition. These organisms 
apparonili^ feed on the sludge which would otherwise block the sur- 
face layers«of the filters, and thus enable the filters on which they 
are present to be usecl for long periods without renewal. 

The problem of de-watering activated sludge to such an extent 
as to render drying by* heat practicable or profitable still remains 
unsolved, although experiments are still proccedffig. A suggestion 
has been made thStt the purification process might be operated in 
• • 

4 Gomptes rend., 1921, 172, 1696 ; J., 1921, 550a. Ibid., 1921, 173, 181 ; 

1921, 600a. * • 

5 Ibid., lhl,J.73, 184 ; J., 1921, 600a. 

® Canadian Engineer, S^pt. 1,^1921, 6 ; J. Iftd. Eng. 1916, 8, 646. 

’ Report to Biding Rivers Board. • 

® Surveyor, Nov. 18, 1921, 345 ; ibid., Nov. 25, 1^21, 375. 
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such a manner as to minimise the production bf sludge, but it is 
not yet clear whether prolonged aeration or agitation would have 
this effect. As stated last year, preliminary experiments to de- 
water the sludge by pressing, centrifugal action, or electrical 
treatment had not proved a^. success, and further experiments have 
not been much more i)romising. It a])pears that a flat-bottomed 
settling tank provided with a scraper, such as is used for the de- 
watering of slimes in the metallurgical industry, is more efficient 
for the collection /jf the surplus sludge than a tank with an inverted 
pyramidal bottom, as it produces a sludge containing a larger 
percentage of dry matter, but such a sludge is not so readily pumped 
back into the ai^ration tank. 


With regard to the pressing of acidified activated sludge at 
Milwauke(‘ some interesting results on the optimum acidity have 
been published by J. A. Wilson and H. M. Heisig.® These authors 
have shown that the time of ])ressing is largely influenced by the 
acidity of the sludge, and that when this is less than p„=2-6 or 
great(^r than 4*0 the time of pressing is considerably increased. 
An optimum acidity of 7 ),i— 3-0 is indicated by the curve obtained 
on plotting their results in a system or co-ordinates, and the 
similarity of this curve with that showing the influence of acidity 
on the swelling of gelatin in wato suggests that similar factors 
operate in both cases. It is not a great step further to suggest that 
it is the colloidal nature of the sludge which is responsible for the 
observed effects, and that a study of activated sludge in the light of 
our incomplete knowledge of the (tolloidal state of matter is very 
desirable. In this connexion the three published British Association 
Reports on Colloid Chemistry have been extended by the Report 
of a General IDiscussion on the Physics and Chemistry of Colloids 
and their bearing on Industrial Questions, held jointly ty the 
Paraday Society and the Physical Society of London. Attention 
is also draTO to ‘this aspect of the sewage problem by F. W. Mohlman 
and L. Pcarse ^Un a paper on Colloids in Sewage. 

Experiments on the de-watering of activated sludge means 
of a suction filter constructed of metal gauze arc being continued 
by J. Haworth at Sheffield and E. Ardcm at ^Manchester, and the 
results so far obtained are very promising. The question of vacuum 
filtration was very fully discussed at the Filtration Symposium 
of the 62nd meeting of the American Chemical Society during the 
year, and the varying types of plant received an adequate criticism. 

The utilisation of thei manurial value of kewage is still receiving 


» J. Ind. Eng. Chem., 1921, 13, 406 ; J., 1921, 569a. 

, Published for the Department of Scientific and Industrial Research by 
ik.M. Stationery Qffioe, 1921. 

S,urueyorf Sept. *2, 1921, 154. 

12 J. Jnd. Eng. Chqm.y 1921, 18, m seq. 
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attention, and M.’G. Weeltee and E. H. Richards^® have described 
the straw filter to which l“eference was made in last year’s Report. 
Filters on these lines arc tn process of construction for the purpose 
of producing a substitute for stable manure for use on some of the 
market gardens which send their produce into London. Apart 
from sewage farms, this is the only process which attempts to* utilise 
the soluble nitrogenous constituents of sewage, tin all other cases 
it is th(^ sludge or si'-dijpent from the sewage which has been utilised 
as a manure, and ordinary sludge from sedimentation or precipitation 
tanks only contains about one-fifth of the total nitrogen present 
in the sewage, and that in a form which is not very readily available 
as a plant food. In sjiite of this, however, there has been a very 
considerable use of such sludge, and local authorities liave not 
generally experienced great difficulty in gettirjg rid of it to farmers, 
especially if they have de-watered it to the extent wliich is possible 
by pressing. Sludge obtained by the settlement of effluents from 
slate beds or percolating filters, that from the latter biung generally 
termed humus, contains •nitrogen in a form which is more readily 
available as jilant food, but not as readily available as the nitrogen 
present in activated sludge. Further experiments at Rothamsted 
on *the manurial value of this latter form of sludge have confirmed 
previous ri'sults and shown that the value of the sludge (^an be 
judged on its nitrogen content, and that the vnlue is equal to that 
of artificial nitrogenous fertilisers containing the same amount of 
nitrogen. Recent experiments by E. H. Richards lend support to 
the theory that the high nitrogen content of activated sludge (as high 
as 7 or 8%)*is due to its abnormally high content of higher organ-** 
isms, and if such bo the case it may well be that these organisms will 
afford amcan.s . Ktracting the phosphates and pota^ from sewage, 

and *thus iurti'.cr increase the manurial value of activated 
sludge. • 

In some cases it has been found possible to apply sedimentation 
sludge in the liquid form to farms by means of a system of distribu- 
tion pijigs, and activated sludge could quite well be applied in the 
same way^n suitable cases. 

The whole question of utilising the manurial value of sewage 
merits much further consideration in view of the continued world 
shortage of organic manures, and whilst the general adoption of 
the water-carriage system of sewage disposal ffias rendered the 
problem more difficult, the di§iculties should not«be insurmountable. 
A study of the Statffetical Supplements® to the Report of the 
Nitrogen Products Committee serves to emphasise the importance 

of the problem. 

• 

Engineering, 1921, llS, 86* 

J. Roy. Skin, hist., 1921, 42, 90. 

16 J., 1921, 285h. 
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Besides the utilisation of seT^age sludge for i*ts paanurial value 
there are other methods of utilisation v^ich have been suggested 
or tried. During the coal strike there* were many instances in 
which the air-dried sludge was used directly as a fuel, and in one 
instance it was only by re< 5 overing and using tl^ grease which 
was discharged from manufactories, and collected on the surface 
of the fettling tanks at the sewage works, that it was possible to 
mnintiiin the sewage pumps in operation.. Attempts have also 
been made to utittse sewage sludge, mixed with other fuel, in gas 
producers, but the attempts have not yet led to a successful 
conclusion. 

Some attempts have also been made to mix the sludge with house 
refuse, and to pulverise the mixture for the production of a fertiliser. 
The possibilities of this process as a means of utilising the sludge 
in a comparatively wet condition are deser\'ing of further investi- 
gation. 

Reference was made last year to the fermentation process, by 
which the sew^age sludge of Birmingham iA altered in character and 
made more readily drainable on drying beds. It w^as also men- 
isoned tliat by this process some 30% of the dry solids in the sludge 
ti gasified. The process has been described by J. D. Watson,^’ 
who has during the year construett'd special tanks at Birmingham 
in order to collect the gas and utilise it in a gas engine for power 
purposes.^® Earlier w^ork on the utihsatiori of gas produced in 
septic tanks, and more recent work at Parramatta, Australia, 
carried out by the Septic Gas Company of Australia, Ltd., led 
Watson to the idea of utilising the enormous volumes of gas produced 
in the fermentation of the sludge, and the plant erected at Birming- 
ham is capable of producing sufficient gas from two tons 9 f dry 
matter in the form of sludge to run a 25 b.h.p. gas engine for six 
wbeks. The process should be capable of wider application, and 
has not yet been followed even at Birmingham to its extreme limits 
of economy. It is not known, for example, what is the optimum 
percentage of moisture in the fermenting sludge or why-t is the 
optimum temperature for the bacteria responsible for tjie fermen- 
tation, although the sludge is warmed up by V^xtracting the heat 
from the exhaust gases of the gas engine. Further, the effect of 
agitating the sludge, either by circulation by means of pumps, or 
by blowing the ©ompressed gas through it, on the rate of gas 
production, has pot yet been investigated, although such an 
investigation is promised- 

"Liquid Trade Refuse, 

-During the year under review trade depression has undoubtedly 
diverted attention from the. question of ‘the treatipent of liqpid 
” Sh^iheering, 1921, 112, 87. 

, Sufveyor, N^v. IG, 1921, 339. 
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trade refuse, and**has, moffeover, caused such a diminution in its 
production that its effect upon the streams into which it is discharged 
has not been so marked as in former years. 

A noteworthy contribution to the question of the bacterial 
purification of trade wastes has bee/i made by G. Mc6oWan,^* 
who has indicated a moans of applying the systematic knowledge 
of the bacterial purification of sewage to variqps kinds of trade 
wastes. As clicmist tg the Royal Commission on Sewage Disposal, 
he worked out a method of estimating the strengi^h of sewage based 
upon the amount of oxygen required to oxidise fully the organic 
matter and ammonia present in the sewage, and found that the 
ratio of the dissol\red oxygen taken up in live days to that required 
for complete oxidation is, in the case of domestic sewage, about 1 : 3. 
If a trade waste yields a ratio of, say, 1 : 6 it is oxidised more 
slowly than domestic sewage on a biologicaf filter, and if such a 
liquid is diluted or concentrated until the oxygen taken up in five 
days is the same as that taken uj) by domestic sewage, the capacity 
of the biological filter noefessary to purify the diluted or concentrated 
liquid would be twice as great as that necessary for the oxidation 
of ^n equal volume of domestic sewage. This is the first attempt 
which has been made to specify from analytical results the capacity 
of a biological filter necessary to purify trade wastes. G. P. T. 
Tatham/'*® from mathematical considerations which he published 
in a former paper, has shown how the purification of such a liquid 
depends upon the mean time of contact between the liquid and the 
medium of the filler, and upon the avidity constant of the liquid. 
The avidit^y constant is the numerical measure of the activity of 
the biological filter, or of the greed of the liquid for oxygen, and can 
only, be estimat^ J on the assumption that the oiidation of the 
liquid follows the same law as a chemical reaction of the first order. 
In applying this theory to the experimental results published by 
McGowan, Tatham is able to indicate the capacity of filter required 
to effect a given percentage of purification. 

Tho^inistry of Health have decided to make special provision 
for keeping in closer touch with experimental investigations which 
are in progress on* the treatment of trade refuse, and in July a 
circular was issued, inviting the co-operation of local authorities 
and others interested*in the matter. It is to be regretted that no 
provision is made for the initiation of experiments by the Ministry 
on the lines of those undertaken by the Lande^nstalt fiir Hygiene 
in Berlin and by the* Public Health Seryice of the United States*, 
of America. .This service has undertaken a ^ries of studies on the 
treatment, and disposal of industrial 'wastes under the supervision 
• 

J., 1921. 148t. 

20 J., 1921t 201 t. 

“ J., 1916, 711. 
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of E. B. Phelps, and Public Health Bulletins-^ liave been issued 
by theU.S. Government Printing' Department, giving the results ob- 
tained with strawboard waste, tannery wastes, and creamery wastes. 

Bulletin No, 109 is of special interest, qv ing to the fact that in 
this “Country the nuisance caused by the discharge of the refuse 
from milk and cheese factories, both into sewers and into streams, 
is increasing, and the American investigators show that it is quite 
practioablc to treat these discharges by the methods ordinarily 
available for the treatment of sewage. W. 'G. Savage has drawn 
attention to the importance of the problem in Somersetshire, He 
estimates that the whey discharged from cheese factories requires 
more than a hundred times as much oxygen for its oxidation as 
ordinary s(‘wage, and is of the opinion that the whey should be 
utilised instead of being discharged into the streams. The lactose 
factory erected by the Ministry of Agriculture and Fisheries for 
the puriR)s(^ of demonstrating the possibility of making lactose 
from whey in this country, to which reference was made in last 
year’s Report, has been brought into opemtion, but the results of 
its working have not yet been published. 

In Pennsylvania the treatment of acid waters containing iron has 
received attention by L. D. Tracy.^^ He gives an analysis of 'the 
mine water from Calumet mine, showing an acidity due to sulphuric 
acid of 21*3 grains per U.S. gallon, 5*5 grains of ferrous sulphate, 
59-3 grains of ferric sulphate, and 26*G<*grains of oxides of iron and 
alumina in suspension. The effect of such water, if used for con- 
densing i)uriJoscs at a large electric power station, can readily be 
imagined, and its use for coke quenching would discohmr the coke 
and increase its sul])hur content. It was therefore necessary to 
treat it before tuse. The w^ater w'as mixed with ground limestone, 
which neutralised the acidity and reacted with the ferric sul'fdiate 
to form ferric hydroxide. To separate the precipitate, ferric hydrox- 
ide containing a little calcium sulphate, a Dorr thickener was 
employed, and the thickened precipitate was dried and sold for 
use in the purification of gas. The volume of water pumped from 
this mine is a million gallons a day. The paper also ‘Contains 
analyses of other mine waters, showing acidities up to 36G*2 parts 
of sulphuric acid per 100,000 and total iron c6ntent up to 11 1*2 
parts per 100,000. Similar acid and ochre waters are to be found 
in the valleys'of the Don and Loxley, near Sh*effield, and analyses of 
these waters have* been x)ublished by J. Hawortl^and J. Evans,^* 
and the acid waters from the Rand mines in ^outh Africa have been 
dealt with by F. W. Wat&on and R. A. Cooper.'^* 

“ No. 97, Oct., 191^'; No. 100, Nov., 1919 ; No. 109, Nov., 1920. 

The Medical Officer, Nov. 6, 1921. 197. 

24 Trans. Amer. Inst. Min. Met. Eng., 1920. • ^ 

■ 26 J., 1920, 39Ir; *1921, 91t. ‘ ‘ 

2* J'.'jOhem. Met, Soc. S. Africa, 1921, 22, 30 ; J.. 1921, 853a. 
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The recovery ft zinc aiM copper from the acid liquors in which . 
these metals hkve been pickled haef been described by W. W. Skinner 
and J. W. Sale. Fromjiquid refuse, which amounted in volume 
to 5400 gallons per hoiy and contained 9 lb. of copper, the metals 
are profitably recovered by an electrolytic method at the I?ridgeport 
Brass Works, Conn., U.S.A. 

The recovery of ferrous sulphate from waste sulphuric acid 
pickling liquors has long bocm practised, but attempts to* recover 
any valuable product* from hydrochloric acid pickling liquors have 
only hitherto mot with partial success. During the year E. V. 
Chambers has erected a plant in which such waste liquors arc treated 
with sulphuric acid for the r(‘Cov(*ry of th(‘ hydrochloric acid, so that 
it may be re-used. 

A new process of coal Avashing by means of froth flotation, which 
is being introduced in the South Wales cbalfield and in North 
Yorkshire, may render coal w^ashing waste more difficult to treat. 
The process has been described by E. B. Jones, and by E. Bury 
and others. As the frothing agent is usually an oil such as cresol 
or paraffin oil, there is a danger of some of this being contained in 
the coal- washing liquid refuse and rendering the settlement of the 
suspended matter more difficult. 

The subjt‘ct of th(i disposal of waste liquors from the legal and 
administrative standpoints was very al)iy dealt with by E. Ardern 
in the (Chairman’s address J-o the Manchester Section of the Society 
in October. He urginl manufacturers to treat the disjiosal of waste 
liquids as an integral portion of their manufacturing processes, 
ranking in hnportance with such matters as w^atcr supply and trans- 
port facilities, and pointed out that a closer study of the nature of 
w^aste liquids ^ill assist materially in the efficient control of the 
manufacturing j>f’ocess itself. 

It may well be ])ointed out that had not a period of trade depres- 
sion, and consequent non-user of w'ater for manufacturing purposes, 
occurred during the drought of the past year many manufacturers 
would have been without a sufficient suj)ply of water, for on Jiublic 
healtl?*grounds domestic supplies must take precedence over 
supplies for trade ^jurposcs. In such circumstances the manufac- 
turer would be wlJl advised to have at hand a reserve supply in 
his liquid trade refuse, which he can purify and often use over and 
over again. 

IHvcr Pollution. 

The year under refiew has showm an increasing tendency on the 
part of local#authorities and those associatei with fishing interests, 

2’ J. f^ran\lin Trust., 1921, 192, 785. 

Froc. S. Walofi In^uEng., 1921, 87, 331 ; J., 1921, 758a. 

2" Trans.^nst. Min. Eng.,,^, 243 ; J., 1921, 835a,* 

J., 1921, 462b. 
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to bring back tlie state of our more poKuted rivt^rs to that which 
existed before the war. Both local Sanitary Authorities and 
Fishery Boards have been more active in their attempts to adminis- 
ter the Rivers Pollution Prevention Acts and the Salmon Fisheries 
Act respectively, in spite of the fact that these Acts arc sorely in 
need of amendment in the light of tlie labours of the Royal Com- 
mission on Sewage Disposal. The difficulties met in the adminis- 
tration »of the former Act have been described by F. Arderu'’’® in 
the paper already mentioned. A Bill to amend the Salmon and 
Freshw'atcr Fisheries Acts Avas introduced into Parliament as the 
Salmon and Freshwater Fisheri(‘s Bill by the Minister of Agriculture 
and Fisheries, but had to be withdrawn in August. The Bill 
contained clauses dealing with river pollution, and strengthened 
similar clauses in the older Act in that it jArohibited the discharge 
of liquids which would' render the water injurious to fish or the spawn 
of fish, whereas the older Act required fish to be killed before a 
Fishery Board could take effective legal action. It also gave to 
Fishery Boards the pow'cr to take proceetlings under the Rivers 
Pollution Prevention Act, 1876. It is to be hoped that the Bill 
may be shortly re-introduced in the interests of our freshwater 
fisheries, or that some amendment of the Rivers Pollution Preventlbn 
Acts may be made. 

The Minister of Agriculture, and Fish(^ri(‘s has reccaitly a])p()inted 
a small Committee to assist in (b^alingt with, the question of river 
pollution, on A\hich Fishery Boards, Angling Associations, and the 
Federation of British Industries are represented. The main 
function of the (Committee is to assist the Ministry in ’the investi- 
gation of pollutions, and of their effects upon fish life, and of the 
means by whick j)ollutions may be controlled or avoided, and to 
educate public opinion in the matter. Such a Committee should 
be capable of very useful work. 

The Committee which was appointed in May, 1919, jointly by 
the Ministry of Transport and the Ministry of Agriculture and 
Fishefces to investigate the effect ujion fisheries of washings from 
tarred roads has not yet finished its labours, but from the investi- 
gations which have been carried out the following ‘tentative 
conclusions have been drawn : — 

(1) That rain w^ashings from a water- bound macadam road 
surface are not in any ordinary circumstances injurious to fish or 
fish food. 

^ (2) That the first' rain washings frofn a ro^ad surface which has 
been recently tarred (say, within a week) will certainly be injurious 
to fish and fish food unless mixed with at least an equal volume of 
clean water, and may bo injurious unless mixed with a considerably 

Yorkshire Post, Dec. 21, 1921. 

^ J. InsU Municipal and CourUy Eng., Nov. 6, 1921, ix. 
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larger volume tJf, clean w§,ter. That they will not, however, be 
injurious to fish or fish food if diluted with at least ten times their * 
volume of clean water. 

(3) That subsequent rain washings from a tarred road in the 
early stages of its life are not injurious to fish and fish food'providod 
they are mixed with at least an equal* volume of clean water^ 

(4) That filtration through freshly-cut turf reduces, to an extent 
not yet precisely ascertained, the injurious characler of rain flashings 
from a tarred road. * 

(5) ''rhat storage of rain washings from a tarred road reduces in 
some respects their toxic character. 

(6) That there is no evidence that pond vegetation is injured by 
rain washings from a tarred road. 

The conclusions are based upon observations taken at the Alresford 
Experimental Station in Hampshire during the first six weeks after 
tarring, and may be applicable only to waters similar to the chalk 
waters of the Upper Itchen. Further observations are to be taken. 

In the Midlands there has arisen a feeling that all is not well 
with the condition of the River Tame and its tributaries above 
Birmingham, and recent Conferences amongst the local authorities 
coficerned may lead to the formation of a Joint Authority to 
take the necessary steps to abate existing and prevent further 
pollution. The River Trent at Nottingham is rapidly becoming 
seriously polluted oving ^to manufacturing operations and the 
discharge of imj^roperly purified sewage in its upper reaches, and 
the River Tame is a contributory factor to this pollution. 

Mention has already been made of the treatment of water pumped 
from mines. Such vater, if discharged in the state in which it is 
raised from th ermine, is exempt from tlic jirovisioi^s of the Rivers 
Pollfttion Pfevc.fi ion Act, and owing to the damage caused by such 
water in Lanarkshire the County Council have urged the introduction 
of legislation to deal with the matter. 

Probably the most serious source of pollution during the year has 
been the refuse discharged from dairies and cheese factories,®* and , 
compMits have been made of pollution from flax retting. The 
milk sug&r or lacfpse contained in the whey, which often is, but 
should hot be, discharged with the floor swillings and can washings 
of the milk factory, forms an excellent food for organisms. Some 
work on the subject*has been done by Thresh and* Beale,®® who 
have indicated the possibility of destroying the* lactose by fermen- 
tation with pig’s*dunff or cow dung. • ^ 

Towards the end m the year the Watbr Power Resources Com- 
mittee appoiftted by the Board of Trade in (Pfine, 1918, issued their 
• 

HurveyoA Jan. 20, 1922, 47. 

The Medical Officer, Now 5, 1921, 197. ^ 

Mun. Bng. and San. Rec.f Nov. 24, 1921, 648. 
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, Final Report, in which they recomiuend the *• setting-up of a 
controlling Water Commission for England and Wales. Among 
the powers and duties of this Com mission^ would be the adjustment 
of conflictmg interests in connexion with tjic use of water for any 
particular purpose, the grouping of the watersheds of the country 
into suitable areas, and arranging for the setting-up of Watershed 
Boards in substitution for the large number of various local authori- 
ties now concerned with different interests. The Committee are 
in general agreement with the recommendations of the Royal 
Commission on Sewage Disposal and they make specific recommen- 
dations in paragraphs 309 and 310 of their Report for the establish- 
ment of the proposed Watershed Boards and for extending the 
scope of the Rivers Pollution Prevention Acts. 

Under present financial conditions no doubt the recommendations 
set out in the reservation to the Report and in the separate Report 
signed by one member of the Committee will be more in accord 
with public opinion. In these it is suggested that the proposed 
Commission is not necessary, as it would lead to the duplication of 
much work already performed by exist mg Government Departments. 

Tmvns' ^Solid Befnse. 

The enormous expenditure incurred in the colk'ction and disposal 
of household refuse is not generally realised, but when it is stated 
that on the average one-eighth of a lobal authority's expenditure 
is incurred for these iiurposes the importance of the matter becomes 
apparent. ^ 

The recent publication, more csi^ecially in America, of literature 
dealing with the character, collection, and disposal of municipal 
wastes serves •fo indicate the increasing iraportunce attached to 
the subject. 'Deserving of special mention are the publications of 
th6 U.S. Public Health Service by H. R. Crohurst,®’ and of R. 
Hering and S. A! Greeley. In this country J. A. Priestley/^®- of 
Sheffield, has dravm further attention to the fuel content of 
domestic refuse. He estimates that the ten million tons of house 
refuse produced annually in Great Britain contains three million 
tons of fuel, having a calorific value of about 10,000 B. Th. U* 
per lb., which can be separated by screening. The fine dust in 
the refuse amounts to 40 or 45% of the whole .and this has been 
shown to have conyiderable value. The salvage plant at Sheffield 
for dealing with ravnicipal wastes is ^ model of ^ts kind, and is 
‘being extended on a considerable scale. 

H.M. Stationery Office, 1921. 

Public Health Bulletin No. 107, Oct., 1920, U.S. Government Printing 
. Office, Washington. < 

. McGraw Hill‘Puh1ishing Co., New Yoik, 1921. 

SutvtyoTt June 17, 1921, 434. 
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During the yi^K, many C 9 mplaints have been made against the , 
practice of dumping household refuse, and this may be taken as an 
indication of the fact that public opinion is being educated in the 
practicability of other methods of disposal. Local conditions 
vary from place to place lo su(;h an extent that it is not pr^fctioable 
to apply the same method to every case. In one case utilisation 
will have its advantages, in another pulverisation, and in others 
incineration may be the best suited. Again, d combination of 
these methods may l)e applicabk^. 

The reduction of house refuse by i)ulverisation*is undoubtedly a 
step forward on the practice of dumping, and farmers are appreciative 
of the mc'ohanical and fertilising value of the pulverised material, 
especially on heavy land. 

The problem of the disposal of the house refuse of London, much 
of which is dumped in the adjacent distrk;^, has received the 
attention of a (Conference of the Metropolitan Boroughs during 
the year, and it is to be hoped that the experience of some of the 
boroughs such as Southwark and Marylebone,^^ may prove of 
benefit to others. 

The possibility of mixing pulverised house refuse with sewage 
sludge and the use of the mixture as a fertiliser, deserves further 
attention, as the dry pulverised material would appear to afford an 
absorbent for the moisture present in sewage sludge. 

Dmnfecianls. 

Under this heading there is little advance to report during the 
year under review. 

Our knowledge of the subject has been brought up to date by 
the publication of S. and E. K. Rideal,*^ on “ Chemical Disinfection 
and Sti3rilisati6)n, a . id the value of chloramine as a germicide 
has received some attention. 

There is need fc)r a good deal of research work on the disinfecting* 
value of organic chemicals, their germicidal effect on specific organ-' 
isms, and the infiuencii of specific groupings of the constituent 
elements^jpL the molecule. The effect of the position of such 
groupings in the molecule is also worthy of further study. The 
result of such researjli work would be to place in the hands of 
chemical manufacturers the possibility of producing a range of 
disinfectants comparabl# with the range of dyes now available. 

Water Supply. 

With regard to the s*ipply of water for^domestic purposes th( 
outstanding features of the year have been th^prolonged drought 

« Ibid., Jftn. 6, 1922, (i. 

J. Roy. San* Inst., 192^ 42, 251 ; Sw'vcyor, June 24, 1921, 464. 

Ed. Amoldn London, 11921. • 

« Ckem. Trade J., Nov. 26, 1921, C67. 



512 


BEFOBUn OF THE FXOOEESS OF AFFLIEU CHEMISTRY. 


and the effects produced by it. The jrield of thfr^sources of water 
supply has been low, not only^pn account of the abnormally low 
rainfall, which on the average can hardly have exceeded 50% of 
the normal, but also on account of the excessive evaporation and 
consequently low percentage of percolation. It is perhaps yet too 
early to gauge the full effect of the drought, but attention was 
drawn to various possibilities in a circular ** issued by the Ministry 
of Health in September, and the Ministry are collecting information 
on the subject in connexion with the survey of the water resources 
of the country which is being carried out at the present time. The 
importance of the subject has been ably expounded in two special 
articles*® in the Lancet, In this circular the attention of local 
authorities and others concerned with the supply of water was 
called to the necessity for vigilance in all cases. A prolonged 
drought increases the risk of the occurrence of water-borne disease 
in many ways, and the prevalence of epidemics, particularly cholera, 
in some foreign countries has been a cause of anxiety to those who 
are responsible for the public health. The danger of an increase 
in the plumbosolvent action of water derived from a peaty source 
must also be borne in mind. Apart altogether from the inconveni- 
ence of a shortage of water, the drought has rendered sui)plic8 
which are at all liable to pollution less safe by reason of the fact 
that the concentration of the pollution lias been increased, and in 
the case of deep-seated sources of supply the liability to pollution 
has been rendered possible by reason i5f cracks in the surroundings. 
The best methods of dealing promptly with drinking w ater w^hich 
has become polluted, or which is suspected of spreading disease, 
are by boiling or by chlorination. It is to the latter method that 
the larger Water Authorities will have recourse, and during the 
year much progress has been made in its adoption. , The prqcess of 
chlorination was described as fully as practicable in an appendix 
to the above circular, and methods for removing the taste from 
chlorinated water were described. 

Chlorination can be effected by the use of chloride of lime (bleach- 
ing powder), sodium hypochlorite, “ chloros,” or liquid gaseous 
chlorine. The continued chlorination of the London water supply 
is dealt with by Sir A. C. Houston in his Fifteenth Annual Report 
to the Metropolitan Water Board, and the example set by the 
Board in adopting chlorination in 1916 is already producing effects, 
in that it is being followed by other Water Authorities in this 
country as an additional safeguard against water-borne disease. 

In America, as stated last year, the process has been extensively 
adopted, and without chlorination most supplies from the Great 
Lakes cannot be considered safe. . It is very desirable that those 

** CvrciMr &41, Sept. 16, 1921. 

Xanoef, Aug. l3, 1921, 353 ; Jan. 21, 1922, 145, 148. 
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responsible for chlorine^tion of supplies in this country should 
follow the example of thejr Ameri'^an colleagues and publish their 
experience. It may be that in this country prejudice against any 
chemical treatment of water dies hard, and if it were generally 
known how many of our water supplies are treated with ccfeguiants 
and chlorine there would be a public outcry. However, the advan- 
tages to be gained by publication and pooling of results far outweigh 
the disadvantage of any such outcry, and moreover, publication 
would servo to oducate^public opinion. In this connexion reference 
should be made to articles on w'ater storage aifd sterilisation by 
G. A. Johnson,*’ and on some problems in water chlorination.*® 

H. Konrich*® has described experiences in connexion with the 
water supply to the German armies in the field, and Belgian 
experience has been described by A. J. J. Vandervelde.^® 

As a result of the water shortage Water Authorities will have to 
take steps to conserve their supplies of pure water, or to seek 
additional supplies from sources which under normal conditions 
would not be considered s^fc. Such supplies may often be rendered 
safe by adequate treatment. For the conservation of existing pure 
supplies, the prevention of waste, the use of loss water without 
rislft of injury to health, the intermittent supply of waiter, and the 
substitution of less pure supplies for the purer 8up2)lies for manu- 
facturing operations and other ncm-domestic purposes, may all be 
practised. Perhaps the most notable example of the last type of 
conservation is furnished by Sheffield, where compensation water 
from one of the supply reservoirs has been j^artially replaced by 
treated riven water abstracted below the town and pumped back 
to a storage reservoir at the foot of the supply reservoir. The 
project, to whioj^ reference has been made in the two last Annual 
Repopts, was*'brr-.Vght into operation during the year, but unfor- 
tunately the storage reservoir has recently burst and some three 
million gallons of water flooded the valley. 

The control and operation of water purification plants has been 
dealt with in the second edition of a treatise on the subject by 
M. F. S'bcin,®® and by correspondence arising upon a review of this 
book, and^ rapid method of chlorination control has been worked 
out by A. Wolman.^* He advocates the estimation of the chlgrine 

*® Eng. News Rec.f M^^r. 24, 1921, 492. , 

*’ Canadian Engineer, June 23, 1921 ; Proc. Amer^ Waterworks Assoc., 
July, 1921. 

Eng. News Bee., Se^t. 8, 1 J21. 

Qesundheits-Ingenieur, 1920, 48, 603. 

Bull. SocfChim. Belg., 1921, 30, 119. 

“ Mun.*Eng., Jan. 26, 1922, 89. 

“ Chapman &nd Hall, I^jndon ai^d New York. 

M J., 1921,469r, 2164 291b? 

** Eng. NeSs Bee,, Apr. 14, 1921, 639. 
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absorbed by the water in five minutes a*nd the aib^ition of 0*2 part 
per million in excess of this amount. It may be noted here that in 
American practice much larger quantities of chlorine are used than 
in English practice. Studies of the hydrogen-ion concentration in 
natural 'waters have been made by A. Wolman and F. Hannon, 
and tjiese will have a distiiict bearing upon the effectiveness of 
chlorine treatment, according to the work of E. K. Rideal and 
U. R. ^vans on "the effect of alkalinity on the use of hypochlorites, 
and also upon the action of the waters on pipes and fittings. 
American standai'ds for the quality of water form the subject of a 
contribution by J. J. Hinman, Jr.,®^ and a new edition of Standard 
Methods of Water Analysis has been published by the American 
Public Health Association. 

Reference was made last year to the possibility of several Local 
Authorities combinmg in order to lessen the per capita cost of 
providing a pure water supply. Such combinations have been 
effected in South Wales by the passage during the year of such 
legislation as the Taf Fechan Water Supply Act and the Rhymney 
Valley Water Act. The principle underlying these combinations 
should be applicable with advantage in many other districts. 

The study of the biology of waterworlis merits more attention 
than it has received in the past. A considerable amount of discon- 
nected work has been carried out, especially in Germany, but the 
absence of a modern systematic treatise on the subject is to be 
deplored. Such works as Die Mikroskopische W asserarutlyse (Mez) 
Die Mitteilungen aus der Landesanstalt fiir Wasserhygiene zu Berlin 
The Microscopy of Drinking Water (Whipple), and T<!ie Biology oj 
Waterworks (Kirkpatrick. British Museum. Economic Series No, 
7. 1917) dea^ with special aspects of the problem. The lattei 
publication afifords very useful information upon the bioiogica. 
aspect of incrustation. It would appear that corrosion and incrus- 
tation have caused considerable trouble, perhaps more in America 
than in this country, and experience in Kansas City, Missouri, haj 
been described by C. S. Foreman.®® The subject has also beer 
dealt with by W. H. Walker and D. Ellis and by W. RailSdm.*® 

The biology of waterworks includes not oRly bacteria but the 
higher plants and animals which occur in reservoirs and grow in the 
watermains, on filters, and even, as shown by Houston, on the 
leather wasliers pf taps. These organisms“ have been studied bp 
Houston and much information on the subject is to be found in hii 

“ c 

Chem. and Met. Eng\t 1921, 25, 602. 

J., 1921, 64r. « 
w J., 1921, 326r. 

“ Proc. Amer. Waterworks Assoc.y July, 19^1. 

» Mun. En^y Jap. 26, 1922, 78. ‘ ' 

SwveyoTt Nov. 25, 1921, 371 ; J. Mun. and County Eng.* 1921, 48 , 408 
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reports to thc**^etropoliJaif Water Board. Some give rise to 
specific tastes ;in the water and experience at Marquette, Michigan, • 
has been described by W. 0. Brockway. Others are dependent 
upon the presence of iron In tlie wak‘r, others again on the presence 
of manganese, and all Arc dependent upon a suitable foq^l supply. 
Experiences with iron in the x>ublic water supply at Shelby, Ohio, 
are dealt with by P. Burgess. Algal growths in a rescfvoir at 
Birmingham®^ w ere a source of trouble in 1920, iwid G. F. Gilkison®^ 
has recommended the^iainting of the reservoir walls with a Solution 
of copper sulphate in order to prcvTiit such grci*\dhs. 

Filtration is often suOieient to remove both the organisms and 
their food from the water, bui the value of chlorination for the 
purpose of preventing the growths should not be lost sight of. 
A study of the organisms in water surviving chlorine treatment 
has been made by M. A. Shceton,®*^ who (‘oncludes that B. Welchii 
or B, enter ilidu ^^'porogenes may survive. H ouston®® lias contributed 
to the same subject. 

It is yet too early to form an oiiinion upon the effect of using 
concrete and reinforced Concrete®’ water mains and to say whether 
the growth of organisms in such mains will be greater or less than 
in ,iron mains. The reduced capacity of water mains, due to 
effects which are generally only very imjierfectly examined, is very 
variable with different w'aters as the follow ing table shows ; — 


• 

District. 

« 

Diameter 
of main, 
inches, j 

Period in 
use, 
years. 

Reduction 
in carrying 
capacity. 

0/ 

/o 

London .... 

30 

no 

Nil. 

BirniinghaiAiJ 

42 ' 

1 

25 

liiverfioo? . . . . * * I 

42 , 

^ 1 

25 

Manchostv)i“ , . . . . . | 

44 

20 

40 


A very useful contribution to our Icnowledge of the nature and 
removal of colour in water has been made by J. Race.®® 

The ‘ioftening and purification of w^ater for use in industrial * 
operations scarcely comes within the scope of the present article, 
but as already indicated the problems under this heading will 

Eng, News Rec., July 14, 1921. 

Proc. Amer. Waitrworks Assoc. ^ May, 1921 ; Mun,* Eng., Nov. 10, 
1921, 476. 

** Mun. Eng.,*M.B,y 5, 1921^386. 

®* Surveyor, Jan. 7,*192l, 4. 

Eng. N^ws Bee., June 21, 1921, 929. 

®* Ib^d^, Sept. 22, 1921. 

Surveyor^ July 29, 1921, 81. 

«8 Mun. July iS,* 1921, 88. 

»» J,, 192l> 169 t. 
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become of increasing importance as bu^ sources supply become 
used up, and as long as the necud for financial econcxmy continues. 
Many manufacturers would find it less expensive to use and treat 
a hard and impure water readily available than to purchase a 
supply bK)Ught by the Local Water Authority from a distant source. 

The subject of water suppiy has been dealt with by the Water 
Power Committee’® of the Conjoint Board of Scientific Studies, 
who liE^ve urged tiiat Imperial resources should be explored, and 
by the Water Power Resources Committee appointed by the Board 
of Trade in June, k918. This latter Committee’s recommendations 
have already been discussed under the heading of River Pollution. 

Reference should be made by all those who are interested in 
waterworks and water purification and supply, to the admirable 
official circular issued quarterly by the British Waterworks Associa- 
tion, for therein wilKbe found all the latest information which is 
available. 

Finally, the writer is much indebted and wishes to express his 
thanks to all those, from the East as well as from the West, whom 
it has been a pleasant duty to meet during the year, and without 
whose willing aid it would not have been possible to compile this 
review. 

’® Nature^ Dec. 8, 1921, 457. 

^ H.M. Stationery Office, 1921. 
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FINE CHEMICALS, MEDKHNAL SUBSTANCES 
AND ESSENTIAL OILS. 

By Harold King, D.Sc., 

Department of Biocimnistry and Pharmacology, The National Institute 
for Medical Research, Hampstead. 

Alkaloids. 

Cinchona Alkaloids. 

Of all the allvaloids, the cinchona group continues to attract the 
greatest amount of attehtion. The Dutch, by reason of the fore- 
sight shown in developing the cinchona plantations in Java over a 
nujnber of years, still have a monopoly of cinchona bark. Japan, 
America, and the British Empire arc, however, exhibiting a growing 
interest in cinchona cultivation, and an important scheme has been 
initiated for developing the production of quinine in India.’ As a 
result Burma will, in time* probably become an important source 
of cinchona both tor India, which already produces a not incon- 
siderable q^^antity of quinine, and for the British Empire.* The 
necessity for the scientific cultivation of cinchona in our own 
colonies has bcyi enijjhasised by Sir William Pope in his presidential 
address to* th^ ? society.* In the Cameroons and East Africa, 
former Gorman colonies, the experimental plantations have fur- 
nished a bark of good quality.* The Japanese have the matter 
well in hand and have secured 800,000 acres of land on the slopes 
of the Andes, the natural habitat of cinchona, and are growing 
cinchorj^ and coca.® 

H. W. Acton and his collaborators have recently published the 
detailed evidence on the use of quinine and cinchona febrifuge in 
the treatment of benign tertian and in malignant malaria.® In 
benign tertian, the fabrifuge is better than quinine and its use, 
if adopted in India, would involve a saving of 46% ; it could, 
moreover, be supplied fi\>ii^ her own plantations. This work led 

’ Calcutta Gazette, Dec. 8th, 1920. 

* J., 1921, 126it. 

® J., 19S1, 180t. 

* J., 1921, 382r. 

® J., 1921, ^13e. 

« Ind. J. Med. Rea., 1921, 8 , 737-871. 
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to the later developments in which the Component alkaloids of the 
febrifuge were tried individually. The results obtained were 
described in the previous report.^ 

The use of quinidine for the restoration of normal cardiac rh 3 rthm 
in cases of auricular fibrillation has attracted considerable attention 
in recdnt years. Originally discovered b}^ Wenckebach, this re- 
covery of normal rhythm lasting from a few days to several months, 
has be^n observed in 50% of the cases in, the hands of several 
workers.® *. 

During the past year a great advance has been made from several 
sides towards the synthesis of the sixteen possible stereoisomerides 
of hydrocinchonine, of which only one other, hydrocinchonidine, was 
knovm previously. The reduction of hydrocinchoninone, 
CgHfiN-CO-CflHigN, by zinc dust or powdered aluminium in the 
presence of alcohol and sodium ethoxide has given rise to the four 
possible stereoisomeric alcohols, two of which are hydrocinchoninc 
and hydrocinchonidine, wdiilst the remaining two are new.® 3- 
Ethyl-4-m(;thylpyridine, the starting point for the synthesis of the 
hydro-allcaloids, has been synthesised in two ways.^® and has been 
converted into homocincholeuponc.^^ 

/CH.. -CH.. . 

NH( “ " Vli riJo CHo-CO.H 

X^HoCHEt/ 

This should occur in two racemic forms, only one of which has been 
obtained, and this, so far, has resisted resolution. One of its 
optically active forms is, however, a degradation product of hydro- 
cinchonine and has been condensed in the form of the ethyl ester 
of its N-benzOyl d('rivative with quinolinc-4-car}>oxylic acid ethyl 
ester, yielding an ester which, on hydrolysis, gave hydrocincho- 
toxine,^^ which can be converted by well-known methods into 
hydrocinchoninow. The progress in the quinine, hydroquinine, 
and cinchonine series is not so marked, the difficulties to be sur- 
mounted being greater. 

’ Ann. Repls., 1920, 5, 487. 

® A. N. Drury and C. C. Ilioscu, Brit. Med. J., JDZI, n, eii ; i. Liewis, 
A. N. Drury, C. C. Iliescu, and A. M. Wodd, ildd., 514. W. Frey, Berl. Klin. 
Wochsch., 1918r 417, 849. R. L. I^^vy, J. Amer. Med. Assoc., 1921, 76, 1289. 
A. W. M. Ellis and ‘A. E. Clark-Kennedy, Lancet, 1921, 2, 894. E. Jenny, 
Schweiz. Med. Woch8(;}i., 1921, 51, 272. F. (v\ Arrilaga»and C. P. Waldorp, 
«. Physiol. AhsL, 1921, 6, 389. * * • 

• Vereinigte Chininfabr. Zimmer u. Co., G.P. 330,813 ; J., 1921, 449a. 

10 P. Rabe and E. 3antzen, Bcr., 1921, 64, 925 ; J. Cfwm. Soc., 1921, i., 
438. L. Ruzicka and V. Fomasir, ibid., 1920, i., 550. , 

n E. Koenigs and W. Ottmann, Ber., 192^1 54, 1343; J. Ohem. Soc., 
1921, i., -695. » i 

1* Vereinigte Chininfabr. Zimmer u, Co., G.P. 330,946 ; J,, 1921, 449a. 
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*• * • 

Several workers have synthesised quinine-like compounds, and 
the latest contt'ibution tathis subject is by L. Ruzicka,^* who has 
condensed the esters of quinolinecarboxylic acids with methyl-2- 
piperidone and allied compounds to yield substances which are 
hydrolysed to aliphatic quinotoxines : — 

/CHa-CHa. 

CoH,jN-CO oEt + CH 

\CO -NMe/ 

• /CHa-CHa. 

CaHeNCO-CH< >CH2-^C9H-N.CO-(CH2)4-NHMe. 

\CO*NMe/ 

These, on treatment with bromine and removal of hydrogen bromide, 
yield with ring-formation, quinolylpyrrolidyl ketones : — 

C9HeNCO(ClT2)4*NBrMe->C,HeN-CO-CH< | 

^NMeCHa 

The substitution derivatives of cinchona alkaloids continue to be 
attacked from various quarters. Whilst W. A. Jacobs and M. 
Heidclbergcr,^® continuing their investigations in this series, have 
coupled the 5-amino-derivatives of the hydro-alkaloids with 
dia^otised aromatic amines, G. Giemsa and J. Halberkann have 
diazotiscd the 5-amino-derivatives with formation of diazo-anhy- 
d rides, which on boiling in acid or alkaline solution, yield a new 
tjqie of compound of uj^own constitution.^® Patents have 
been taken out for the preparation of the amino-compounds of 
cinchona alkaloids, for the nitro- and amino-sulphonic acids of the 
hydro-alkalBids, and for the corresponding nitrohydro-alkaloids 
produced by hydrolysis.^^ The production of cinchona alkaloids 
containing seLi/inra and said to be of therapeutic v|,lue is also the 
subjcfct-inatler j a patent.^® 

Hyoscine. 

The alkaloid hyoscine finds a number of applications in medicine, 
but our knowledge of the pharmacological properties of the optical 
isomerides has hitherto been imperfect. A. R. Cushny,^® working 
with the pure d~ and Z-hyoscines prepared by the writer,^® now 

A. Kaufmami, J., 1913, 709. P. Rate, R. PaBtemack, and K. Kind- 
ler, J. Ghem. Soc., 1917, v, 283. P. Karrer, ibid.^ 1918, i„ 3§. CJ. also Ann, 
Repts., 1917, 2, 487. 

Ber., 1921, 44, 1189 ; / Chem. Soc.^ 1921, i., 585. 

16 J. Amer, Chem. 5ic., 192(y, 42, 2278 ; J.,^1921, ^6 a. 

Ber., 1921, 64, 1167 ; J. Chem. Soc., 1921, i., 581. 

1’ C. F. B^ehringer, G.P. 335,113; J., 1921,*489 a ; G.P. 338,738, J., 
1921, 749a ;• G.P. 339,947, J., 1921, 828a. 

1" Vereinig^e Chininf^br. Zimraaru. Co., G.P. 331,145 ; J., 1921, 280 a. 

J. Pharfn. Exp, Ther., 1921, 17, 41. , • 

2® H. KingJ Chem. Soc. Trans., 1919, 115, 476, 974, 
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finds that ?-hyoscine is 15 to 18 times as poweifiil as e?-hyoscine 
in its action on the nerve terminations in the salivary glands and 
in other ‘‘ specific ” atropine effects, but. that on the nerve endings 
in striated muscle, on unstriated muscle and on the central nervous 
system, Iheir action is identical. The use of hyoscine in “ twilight 
sleep,’,’ and as a sedative in mania is thus independent of the optical 
purity of the substance, but as a mydriatic, the optimum effect 
is obWned by using the pure Icevo-iom. The constitution of the 
basic portion of the molecule of hyoscirle, namely oscine (or 
scopoline), still remains uncertain in respect of the position of the 
oxygen bridge. K. Hess,^' from a study of the exhaustive methyl- 
ation of oscine, which proceeds anomalously, concluded that the 
bridge was as in I., whilst Gadamer and F. Hammer,^^ utilising the 
optically active oscincs for the Hofmann degradation, adopt 


CH CH CHa 

\ I I 

O NMe CH, 

^ i J 

CHOH~C CH, 


I. 


I 

CH- 


NMe 
CHOH-CH— 


I 

-CH-CHa-CH 

i 


-CHo 


II. 


the formula II,, put forward by the writer. Hess* has now effected 
the Hofmann degradation in a more normal manner and adheres 
to his formulation. In hyoscine Gadgmer and Hammer consider 
that the oscine residue has a symmetrical configuration and that 
an unsymmetrical oscine is formed on hydrolysis, a possibility 
which was also pointed out by the present writer. • 


/CHCHCH, 

/ 1 i 

) NMe CHO CO. 

\ ' I 

^CHCH-CH, 


Ph 

CH 

I 

CHoOH 


in 

ifMe 

CHOH-CH CHj 


Ergot. 

A resuscitation of this question is unexpected. A Swiss firm in 
1919 covered by patent a process for the isolation of a highly active 
preparation of ergot. Powdered ergot is treated with a weak acid 
or with acid salts,* e.g., aluminium, ferrous, or copper sulphates, to 
fix the basic constituents, and then extracted* with an organic 
' solvent to remove fats add phytosterols. The tissue is mixed with 


21. Arch. Pharrn., 1921, 269, 110 ; J. Chem. Soc. 1920, i., 8l» 
“ Arch. Pharrn., 1921, 259, 110 ; 1921„ i., 688. * 

• Z.^angew. Ohem.^ 1921, 84, 393; ibid., 1921*, i., 683. * 

** C!^m. Fabr. vorm. Sandoz, E.P. 125,396 ; J., 1920, S49a. 
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more solvent and the acid« neutralised by baryta. The alkaloids 
are then extracted. The, crude aikaloid is purified from acetone 
containing 5 - 10 % of water Similar processes have been applied 
to other alkaloids, e.gF.,^hyoscyamine, morphine, pilocarpine,®* etc. 
The properties of the pure alkaloid of ergot so isolated hWe*been 
described by K. Spiro and A. Stoll.®’ It is called ergotamipe, has 
the formula C33H35N6O5, is crystalline, forms crystalline salts, 
and has the full physiological activity of ergot*. It is coiiverted 
into an isomcridc, crgbtaminine, by ^fJ-rming with methyl alcohol. 
The authors have not apparently had in hand tor comparison the 
amorphous crgotoxine, CagHiiOeNg, of Barger and Carr and of 
Tanrct, which forms crystalline salts, has the pharmacological 
activity of ergot, and treated with methyl alcohol gives crystalline 
ergotinine, C35H39O5N5. The parallelism in the properties of the 
alkaloids of the two groups of workers is much closer than is here 
indicated. It is therefore unfortunate that new claims and new 
nomenclature should be advanced without the real justification 
supplied by a direct comparison. It is, however, possible that 
different varieties of ergot contain different but related alkaloids. 
The chemistry of the ergot alkaloids is admittedly in an unsatis- 
factory state owing to the rarity of the substances and to that 
extent the work- of Spiro and Stoll, of which this is a preliminary 
publication, will be looked forward to with interest. 

dfher AlMoid'S, 

The patepts taken out by R. Willstatter for the preparation of 
tropinonecorboxylic acid esters, tropinone, and eegonine were 
referred to in lajt year’s report.®* A full description of the processes 
has pow appeerf. the important end-products Ifeing tropinone 
and '^-ecgoiihiv^, which latter on esterification and benzoylation 
gives '<|r-cocaine. The starting point of this important synthetic 
method is acetonedicarboxylic acid, which by electrolysis of the 
di-potassium derivative of its mono-ethyl ester gives ethyl succinyl- 
diacetati?.^® 

©OaEt.CH^qOKl -.CH.COjK C2H4(C0.CH2.C02Et), 

A contribution to the chemistry of physostigmine of considerable 

potential value has been made by E. Stedman.®' Physostigmine 
• • 

B.p. 140,056 ; J., 1921 , 128 a . . 

« E.P. 131 , 283 ; J„ 1920 436 a . E.P. 134 , 197 ; 1920 , 676 a , E.P. 

163,219 ; J., 1920 , 833 a # * 

^ Schweiz. Med. Wochsch,, 1921, No. 23. 

Ann. Repts.f 1920 , 5 , 490 . 

R. Willstatter and M. Boramer, AnnoZen, 1921, 422, 16 ; J., 1921, 127a. 

R. Willst&tter anej A. Pfannenstiel, AnnaZen, 1921, 422} 1 ; Chem. 

Soc., mi, i., 51 . ‘ * 

“ Ohm. Soc. Tram., 1921, IM. 891. 
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or eserine, CigHgiOaNg, on hydrolysis loses cai’bon dioxide and 
methylaminc, yielding eseroline», CiaHisONj, the ‘'methiodide of 
which on heating with sodium othoxide and methyl iodide has now 
been converted into a compound CioHi70N2lj which contains three 
alkyhgroNips, the nuclear arrangement thus containing seven carbon 
atomSv This should lead to the elucidation of the constitution of 
this useful alkaloid and so eventually to synthetic experiments on 
similarly constituted bases. 

Lobelia infiaia, or Indian tobacco, is a North American plant 
which has found' application in the treatment of asthma. A 
process for obtaining its little known ingredients is the subject of a 
patent. plant contains three alkaloids, of which a-lobeline 
is crystalline, possesses the characteristic pharmacological action 
of Lobelia inflata, and is now available as a commercial product, 
l^he alkaloids have ‘recently been examined chemic^ally by H. 
Wieland, who ascribes the formula, C/2 3H2(,02N, to a-lobeline and 
finds acetophenone as a 2)roduct of hydrolysis.*’^ 

Simple Natural Bases. 

Choline is a common constituent of plant and animal tissues and 
a few of its esters have been found to occur naturally. A. J. Ewins*’^ 
isolated acetylcholine from a samj)le of ergot in 1914 and the same 
substance has now been found in Shejdierd’s purse {Capsella bursa- 
pastoris L.),*® an extract of which was employed during the war 
as a substitute for ergot. The possibifity that the esters with the 
naturally occurring amino-acids may be of pharmacological impor- 
tance is being examined by K. W. Dudley, who Uis prepared 
glycylcholine, NMe3Cl.C2H4(X.C().CH2NH2, but its physiological 
behaviour is not recorded.®® A group of related substances has 
been prcpared*by P. Karrer and co-workers,®^ whd reduce the esters 
of the naturally occurring amino-acids or their acetyl-derivatives 
to the corresponding alcohol by means of sodium and alcohol, and 
then completely methylate the amino-group : — 

NHg.CHR.COsEt -> NHa CHR.CHgOH - NM 03 I.CHH. CHgOH 
The yields are very poor, so that other synthetic processes are also 
employed. Leueinecholine has a weak action -on the uterus, but 
its effect is increased by acetylation. Phenylalaninecholine, on 
the other hand, is reported to be very potent. 

C. H. Boehringor Sohn, E.P. 145,621 and 145,622 ; J., 1921, 195 a, 448a.‘ 

33 Rer., 1921, 64, 1784 ; J., 1921, 788a. 

34 J., 1914, 664. , * 

33 H. Boruttau and H. Cappenberg, Arch, t'harm., 1921, ^9, 33 ; J., 
1921, 276a. C. Grimmer PAam. ZerUralh.t 1921, 62, 495.; *J., 1921, 748a. 
H. Cappenberg, Pharm. ZerUralh.t 1921, 62, 560 ; J., 1921, 748a. (7/. cUm 

H.’H, van Urk, Pharm. Weekblad, 1921,^8, 553;,,>J., 1921, 4d9A. 

•»« Chem. Soc, ^'rar^^i., 1921, U9, 1266 ; :7., 1921, 714a. " 
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The isolation aiftl iclentiticfetion ot the pituitary active principles 
is proving a ver^ difficult problem. 41. W. Dudley in 1919 advanced 
experimental evidence which seemed to show that the specific 
pressor and oxytocic priiicijdes are different substances.^® Further 
evidence which points in the same direction is now addficed by 
H. H. Dale and H. W. Dudley.®® These authors show al§o, in 
agreement with Abel and Nagayama’s findings/® that the active 
principles are destroyed by boiling with 0*5% hydrochlorie*acid ; 
they cannot, however, adduce any evidence that there is a relation 
between histamine and the specific action of the extract. J. Roca" 
has examined the relative amounts of depressor and broncho- 
constrictor substances obtainabh* from the anterior and posterior 
lobes of the fresh pituitary gland after destruction of the specific 
l^ressor principle, and finds 7 to 8 times as much depi’essor substance 
in the jiosterior as in the anterior lobe. Fromfits general behaviour 
he thinks it may be histamine. 

Histamine has been isolated from the products of putrefaction of 
polished rice^® and has been found in a hot water extract of the egg- 
plant {Solanum melongena L.).^® ea:’o-N-Methylhistamine has been 
prepared by F. L. Pyman and R. G. Fargher by decarboxylation 
of (^ro-N-methylhistidine.'*^ Its actions on the blood pressure and 
on the uterus are resided ively about one two-hundredth and one 
eightieth those of histamine.^® By condensing histamine with 
mcthylal, S. Frankel and Zeimer obtained tetrahydropj'rido- 
3.4-iminazolc, 

CH " 1 

N -C CH. NH, 

whiclj was stat^h'O be superior in activity to hiskimine. A re- 
examination of tills substance by Dale and Dudley shows that in 
reality it has only one fifteen-hundredth the activity of histamime 
on uterine muscle and no significant action on the blood-pressure.^® 
A. Windaus and 0. Dalmer have prepared /3-2-furylethylamine 
and its ^etrahydro-derivative with a view to finding an outlet for 
derivative^ of fui-furaldehyde.^® The oxytocic activity is, however, 
small, being one (i\farter and one half, resiiectively, that of hydr- 
as J. Pharm. liJx/j. Thar., 1919, 14, 295. 

Ibid., 1921,18, 27» 

Ibid., 1920, 15, 347. 

" Ibid., 1921,18, 1. 

K. Yoshimura anti K. Cficnfon, J. C/icyi. Sue., Japan, 1921, 42, 22; 
J., 1921, 275a. 

K. Yoslumura, J. Chem. Soc., Japan, 192t, 42, 16 ; J. Ghem. Soc., 
1921, i., 296! ^ 

Chem, Soc. Trans., ; J., 1921,487a. 

H. H. Djile and H. W. DuSley, J. Pharm. Exp.ITher., 1921, 18, 103. 

«« Ber., 1920, 68, 2304 ; J. Ghem, Soc., 1921, i., 117. 
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astinine. Piperonalcyanhydrin, CHgCX : CeH3.CHOH.CN, has been 
reduced to the corresponding hydroxyethylamine derivative, 
CH2O2 : CflH3.CHOH.CH2.NH2 which , bears some relation to 
adrenaline. Its physiological action has not been recorded but 
wouid 'probably be negligible. The sympathomimetic action 
of oc-jS-tetrahydronaphthylamine (I.) was demonstrated by Dale 
and G. Barger and by J oncscu. ^ ® By the introduction of a hydroxyl- 
group^n the a-pbsition and various alkyl groups into the amino- 
group, a number of derivatives of the hydroxyamine (II.) have 
been patented and are stated to be very active physiologically^® : — 
/CHa-CHNHj /CHOHCHNHg 

( I I 11 I 

I. II. 

What appear to fie the preliminary stagp.s of the synthesis of 
thyroxin have been published by E. C. Kendall and A. E. Osterberg, 
who record the synthesis of cyclohexane derivatives on a fairly 
large scale.®® The published evidence foi* the now familiar formula 
ascribed to thyroxin b}^ these authors would hardly seem sufficient 
to justify s3rntheses in the cyclohexane series. The question to 
whether the iodine or the nuclear arrangement is responsible for the 
specific action of th3n'oxin is receiving attention from these authors 
in synthetic experiments, but the detailed evidence is not yet 
available. • 

GlUCOSIDES ANT) NeUTRAL PRINCIPLES. 

A contribution to the chemistry of digitalis has bt?en made by 
M. Cloetta.®^ The position of the subject previous to this was 
substantially that described in a previous report.®^ The claim is 
now made that digitoxin has been obtained pure and of constant 
m.p. 252 ° C., when crystallised from a mixture of chloroform and 
ether. It has the formula C44H70OJ4, and on hydrolysis with 
hydrochloric acid in aqueous alcohol at room temperature gives 
rise to digitoxigenin, m.p. 245 ° C., two molecules of digitoxose, 
m.p. 107 ° C., and a third substance which is an oil and 'probably 
has the formula C8H14O4. This latter substance proba*bly corres- 
ponds to the resin which is obtained together ‘with digitoxose by 
hydrolysis by Kiliani’s method using hot hydrochloric acid (0*5%). 
When heated in a very high vacuum above* the temperature of its 
melting point digitoxin yields a volatile crystalline compound 

F. A. Mason, (fkem. Sop. Trans., 1921,* 119, 1(^77. 

J. Physiol., 1910, 12, 19. 

” Tetralin G.m.b.H^ G.P. 335,476 ; J., 1921, 503a. * 

®® J. Awier. Ghom. Soc., 1920, 42, 2616 ; J. Chem. Soc., 1921-, i., 101. 

- E. C. Kendall, Surg. Qynec. Ohstqi., 1921, ,3p, 205. ’ 

. Arch. Exp. Pat\ Pharm., 1920, 88, ll3 ; J. Chem. 8oc\, 1921, i., 39. 

63 leilt O OrtA * 
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C8H14O4, m.p. i],6°C. Tli^j iion-volatile residue, called digitan, 
has the formula CgeHsaOio, and on ^hydrolysis gives two molecules 
of digitoxose and one of digitoxigenin. 

CseHfieOio + 2H^O 

Digitan. Digitoxigenin. Digitoxose. •* 

The volatile crystalline substance coiresponds therefore to the 
oily substance obtained on hydrolysis of digitoxin. 

Digitoxin and digitan have the same powerful action on the frog’s 
heart and an action of ''the same character on mammals. Digitoxi- 
genin, which is no longer glucosidic, still possesses a marked action 
on the frog’s heart but in addition it acts as a convulsive poison. 
It is possible that this latter action is responsible for certain unde- 
sirable secondary effects observed in man in digitalis therapy. 
The digitoxins of Kiliani are considered by Oloetta to be mixtures 
of varying degrees of purity, whilst his digitophyllin is probably 
almost pure digitoxin, as its analytical figures, crystalline form, 
solubility, and hydrolysis agree with the pure digitoxin now 
obtained. The digitoxms and digitalins of commerce, though 
crystalline, are mixtures from which pure digitoxin with m.p. 
252 ° C. can be isolated. 

A* new reagent which may prove useful for the synthesis of 
a-glucosides and disaccharides of the a-series is described by A. 
Pictet and P. Castan.®* a-Glucosan, the anhydride of glucose, is 
converted by concentrated hydrochloric acid into a-glucosyl 
chloride, C5H11O5CI, which has a reactive chlorine atom attached 
to the first carbon atom of the chain. By the action of sodium 
methoxide if is converted into a-methylglucoside and by potassium 
glucosan into a-glucosidoglucose, a crystalline sugar resembling 
gentiobiose. J , ^ 

Glycyrrhi/in, tluj sweet principle of liquorice root, has been sub- 
mitted to further examination.*^® It was originally described 
containing nitrogen, but this is shown to be incorrect. On hydro- 
lysis it yields glycyrrhctic acid and two molecules of glycuronic 
acid Intone. The reaction is, however, a complex one. 

Hyemnc^e globosa, a South African plant, said to have been used 
for poisoning hyenas, has been shown by T. A. Heniy®® to contain 
hyenanchin, a convulsant, non-nitrogonous poison, Ci5Hi807. 
It is crystalline and its reactions show that it probably belongs to 
the group of similar poisons represented by picrotoxinfn, coryamiri- 
tin, and tutin. ^t is accompanied in the plant by an isomeride, 
wo-hyenanchin, which is reflatively non-^toxic.* Both substances 
are lactones. 

** Hdv.^him. Acta^ 1921, 4, 319 ; J. Chem, Soc., 1921, i., 396. 

P. Karreif, W. Karreii and J. C. Chao, Helv. Chim. Acto, 1921, 4, 100 ; 
J., 1921, 194a. « • • * 

»• Ohem. Sdb. Tram., 1920, U7, 1619 j J., 1921, 9'fA. 
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Some years ago J. J. Abel and 1). Macht^’^Jaclated a neutral 
’principle bufagin, C\ 8 H 2404 , fropi the parotid gland,, of the tropical 
toad. Its action physiologically was tliat of the digitalis group. 
The same substance was found later in “ senso,” a Chinese drug 
prep^rcft! from toad-skins, together with bufotoxin, a member of the 
picrotoxin group of poisons, but this latter substance was not 
obtained pure.'^** Bufotoxin has now been prepared crystalline 
from the same soarce and has the formula CgHmOo.®'* Bufotalin, 
C 16 H 24 O 4 , the poisonous prmciplc of the common toad, resembles 
bufagin but is net identicarwith it. Like other members of this 
group of neutral principles it is a lactom'.*^'^ 

Essemtial Oils. 

In the 2 U“oductior\, of camphor, .Tajjan still controls the major 
supply, the record production for IDIO being 84 million Ib.®^ -The 
acreage of artificially jjlanted cam 2 )lior trees is, however, being 
rapidly extended in various parts of the world, there being over 
15,000 acres in the United States alone, Vith an eventual yield of 
120 to 1501b. of camphor i)er acre.®- The first can.phor farm in 
Florida has ifiaccd 10,(X)0 lb. of camphor on the market since^ the 
beginning of the year. The maximum yield of camphor not being 
obtained till the trees are 50 to 60 years old, necessitates the use 
of leaves and twigs of younger trees with the disadvantage of smaller 
camphor content and absence of vttluable by-products of the 
camphor-oil, e.g., safrole,®^ which, in addition to other uses, serves 
as a basis for the preparation of piperonal.®® The ]j) 2 “oduction of 
isoprene from fight camphor oils in small yield has been shown to 
occur by passing the oil over various catalysts at 500° C.®® 

The sjoithetic production of camphor continues to attract the 
attention of celluloid manufacturers. Economically the problem 
is an extremely difficult one, and is primarily dependent on a 
plentiful supply of turpentine rich in pinene. This limits the 
countries for its successful production to a few. During the war, 

J, Ghem. Soc., 1912, ii., 1194. ^ 

S. Shimizu, J. Gitem, Soc,, 191t>, i., 698. Gf. (i. Barger, J., 1918, 33t. 

K. Kodama, Physiol Abs., 1921, 487. 

®® H. Wieland and F. J. Weil, J. Ghcm. Soc., 1913, i., 1343. C. H. 
Boehringer, GIF. 248,737 and 282,751. Gf. H. fiandovsky, J. Ghem. Soc., 

1920, i., 495. 

61 J., 1921, 148b« 

62 J., 1921, 237b, 379b.‘ 

M J., 1921, 388k. ^ 

«« J., 1921, 254e. 

, 66 S. Nagai, J. Ghem. Soc., 1920, i., 

66 Y. Nishizawa, J. Tokyo Ghem.^SoCi, 1920», 41 , 1048,; J. Chem,^ Soc,, 

1921, i., 21:7. 
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owing to the faixiire of outride supplies, the Schering interests in 
Germany manijfactured synthetic camphor ; in the United States 
the present trade depression has caused the suspension of work on 
the erection of a synthetic camphor plant to work a German 
process.®’ A. Dubose amd A. Luttringcr have described, various 
methods for the preparation of bornjl esters, chiefly. the formate 
(a possible intermediate product in the preparation of camphor), 
by the action of formic acid on pinene hydrochloride in the presence 
of various reagents, e.r{., sodium formate, zinc powder, iron flings ; 
and processes for oxidising the bornyl esters to camphor by means of 
peroxides are described.®® The production of borncol from turpen- 
tine or crude pinene by the action of tctrachiorophthalic acid is the 
subject-matter of two patents.®* Unlike the product of the action 
of other acids on pinene, the borncol is free from iso-borneol and is 
optically active. This might be of importance where a pharmaceu- 
ticaliy pure camj)hor is required, although pharmacologically there 
is little or no difference between the action of and r-camphors.’® 
When heated with a carboxylic acid, pinene hydrochloride in 
presence of 5% or less of zinc gives the iso-bornyl ester and 
camphene.’^ 

Iihc production of synthetic substitutes for camphor is a phase of 
the question which has not been lost sight of, and a valuable account 
of the progress to date has been given by A. P. Sachs and 0. Byron.’* 
Various diary Idialkylcarbamides have recently been protected. 
They are misciblb in all projf)ortions with organic solvents and with 
collodion.’** 

The universal prevalence’^ of hookworm infections among the 
natives of tropical countries is a source of great economic loss. 
The campaigns’ 5^ a gainst this disease show that the most valuable 
anthdminthiCs are chenopodium oil, followed closSy by thymol 
and /3-naphthol.’® J. F, Caius and K. S. Mhaskar, having a good 
supply of clinical material, have coiTclated the action of anthelmih- 

fi’ J., 1921, 388k. 

“8 •Bi4l.Soc.Ind. Rouen, 1920, 48, 88, 89 ; J. Chem. Soc., 1921, i., 115, 116. 

Fabi. de Prod. Clam, do Thaim et do Mulhouse, E.P. 144,604 and 
158,633 ; J., 1921, 3691, 561a. 

’® G. Joachiraoglu, Arch. Exp. Path. Pharm., 1920, 88, 364 ; J. Chem. Soc., 
1921, i., 146. 

’1 L. G. Wesson, U.S.l'. 1,372,382 ; J., 1921, 369a. 

’2 J. Ind. Eng. Chem., 1921. 13, 893. * 

’8 Fabr. de Prod. Ohim. Oigivnique de Laire, G.P. 3a23,534 ; J. Chem. Soc., 
1920, i., 879. C'/.H.E.F^erz,J., 1921,365k. n » 
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thics with their chemical compositi6n.’'-' Oil of /ihenopodium was 
found best, being a powerful vermicide ; it suffers however from 
the disadvantage that there is no simj^le and accurate method of 
determining the optimum dose, owing to variations in the ascaridole 
content.. The constituents of oleum chmopodii have been re- 
examined by T. A. Henry and H. Paget, who definitely proye that 
the active principle is ascaridole, the remaining hydrocarbon 
fraction being inactive.’® The same oil acts as an efficient vermifuge 
for stAngyloides infections’® and other intestinal parasites.®® A 
number of other ersential oils Vere examined by Caius and Mhaskar, 
but only oleum eucalypti had any anthelminthic action and this 
slight. Thymol, the dosage of which is certain, had powerful 
vermicidal and mild vermifugal properties. 

Baker and Smith’s classic “ Research on the Eucalypts and their 
Essential Oils ” has reached a second edition.®^ These unique oils 
of the southern hemisphere are attracting an ever-increasing circle 
of investigators. Two constituents, phellandrene and piperitone, 
are now commercial products.®^ The constitution of the latter 
substance, about which there was some doubt, has now been 
elucidated. Piperitone as it occurs naturally in various species of 
eucalyptus is laevorotatorj’’, but is racemised by alkali or heat.®^ 
The dextro-form occurs to the extent of 45% in the essential oil 
of Gymbopogon senmrensis^^* in oil of Japanese peppermint,®® in 
camphor oil, and in the oil from Andropogon iwaranacusa^^ to the 
extent of over 70%. The products df oxidation, especially dios- 
phenol, ®’* ®® prove it to be A^-p-menthene-3-one. On oxidation 
with ferric chloride and acetic acid, piperitone gives a ^5% yield of 
thymol.®* A cheapening of this process and a better yield would 
probably enable thymol from this source to be a commercial 
proposition. 

Qmiene, the chief constituent of spruce turpentine, to which 
reference has been made in a previous report,*® still serves as a 

” Ind. J. Med, Res,, 1919-20, 7, 429, 570, 602, 606, 722 ; ibid,, 1920-21, 
8, 125, 373, 379, 384, 737. 
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subject of much investigation. Its oxidation by air under pressure 
has been examined,®^ and its conversion into p-nitrotoluene-o- 
sulphonic acid, which can serve as the basis of stilbene colouring 
matters. Its purification and use as a solvent have been described 
by A. S. Wheeler,®® whil^ the electrol 3 rtic reduction of nitrocymene 
and conversion into thymol,®* and its'conversion into *nitroainino- 
derivatives; diamino-derivatives, benzidine-derivatives, and sul- 
phonic acids are the subject-matter of patents.®® «> 

Comparatively little , is known about the odorous principles of 
fruits. Kleber about a decade ago showed that banana contained 
amyl acetate.®® F. B. Power and V. K. Chesnut, as a result of their 
examination of ripe apples,®’ have covered by patent,®* a S 3 nithetic 
apple oil consisting of the amyl esters of formic, acetic, caproic, 
and caprylic acids, together with acetaldehyde. The same authors 
have examined the odorous constituents of peaches and find present 
the formic, acetic, valeric, capric, and caprylic esters of linalool, 
together with some acetaldehyde.®® The possibility of utilising 
the hydrolytic products of proteins (a process carried out on the 
manufacturing scale in Japan) for the production of nitrogen-free 
esters with a fragrant odour has been examined by S. Kodama, 
wh(^ prepared several substituted esters from wo-hexoic acid.^®® 
Great activity is being shown by the Japanese in the examination 
of the essential oils of eastern plants. The majority of the con- 
stituents when characterised are identical with the constituents of 
better-known oils. Of speciM interest is perillic aldehyde, C 10 H 14 O, 
isolated to the extent of 44-57% from Perilla mnkinensis}^^ Its 
a-antioxime^s stated to be 2000 times as sweet as cane sugar. The 
corresponding nitrile is one half as sweet as saccharin, whilst the 
y3-synoxime lackj sweetness. F. W. Semmler and B. Zaar, who 
first isolated this tK-ivlehyde, attributed to it the constitution 4 -wo- 
propenyltetrahydrobenzaldehyde.^®* 

The estimation of cineole in eucalyptus oiP®* forms the subject bf 
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several communications. An impro^eipent on all'^previous methods 
has been effected by the introduction by T. T. Cocking of the use 
of the addition compound with o-cres6l.^®‘ Its appHcation was 
limited to oils containing 45% or more of cineole, but the same 
author has now shown how it can be applied to oils of lower cineole 
content. ■ 

Synthetic Drugs. 

Organo-MeiaUic Compounds. 

A glance through the publications in organic chemistry of the 
last few years shows that a fair percentage of the labours of 
organic chemists is devoted to developments in the organo-metallic 
compounds. The past year is no exception. The incentive has 
been largely due to the action of these substances on living tissues or 
protoplasm, whether^ the products be designed for chemical warfare 
on man or his parasites. 

Arsenic Compounds . — ^The search for the cause of the variation of 
toxicity shown by commercial samples of salvarsan has given rise 
to an immense volume of work. The concensus of opinion, now, 
is that it is physical,^®® being intimately bound up with the colloidal 
properties of the substance. A valuable analysis of the physical 
factors concerned has been given by C. N. Myers.^®’ The physical 
state is, however, influenced by the presence of foreign substances. 
The constituent of salvarsan containing sulphur, insoluble in methyl 
alcohol and isolated by Fargher and Pj/baan,^®® has now been shown 
by the writer to consist of the monosulphonic acid of salvarsan 
associated with varying proportions of salvarsan sulphate.^®* 
The chemotherapeutic index, I, which is the ratio of the curative 
dose, C, to the maximum tolerated dose, T, as determined on mice 
infected Trypanosoma equiperdum^ for the sulphonic acid is 
1-4-5, whereas pure salvarsan, free from sulphur, prepared by the 
ifse of hypophosphorous acid, has an index of 1-13*5. The presence 
of this monosul|)honic acid in salvarsan, from the point of view of 
its contribution to the therapeutic efficiency, is therefore undesirable. 
Pure salvarsan prepared by reduction of 3-amino-4-hydroyyphenyl- 
arsinio acid by hypophosphorous acid has the disadvantage of low 
solubility.^®®* ^^® By first reducing the acid to'^the oxide by means 
of hydriodic acid and sulphur dioxide and continuing the reduction 

W* J., 1920, 610a ; 1921, 162a, 238a. 

Perf. E88erU.'0il Bee., 1921, 12, 339 ; J., 1921, 869a. 
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to the arseno-istage by fiypftphosphorous acid, it is now shown 
that the product is more solul^e.^^^ A number of compounds* 
which might possibly occur in commercial salvarsan through the 
use of impure materials liave been prepared and examined thera- 
peutically by G. W. RAiziss and J. L. Gavron.^^^ ^ 

E. Fourneau has prepared a num'ber of arsinic acids and finds 
that the parent acid of salvarsan is the least toxic. Oif experi- 
mental trypanosomiasis, spirillosis, and syphilis, it proved to have 
great curative power* Although Ehrlich and Hata examuied this 
acid and rejected it owing to the nervous sj^ptoms it evoked, 
Fourneau considers this to be due to impurities. The chemothera- 
peutic index is equal to that of salvarsan, but the actual tolerated 
and curative doses are ten times as great as in the case of salvarsan, 
clearly an undesirable feature for clinical use. 

Commercial neosalvarsans show much • greater variation in 
composition and properties than salvarsan.^^* The examination 
of the distribution of sulphur and the behaviour towards iodine have 
contributed greatly to Jhe elucidation of the cause of this.“^ It 
is due to the presence of the mono- as well as the di-formaldehyde - 
sulphoxylates of salvarsan in varying proportions and to the 
pi^sencc of uncombined sodium formaldehydc-sulphoxylate and 
inorganic salts.. The condensation of atoxyl and formaldehyde - 
sulphoxylate has been described by A. Binz and E. Holzapfel.^^® 
Combinations of salvarsan and neosalvarsan with mercuric 
chloride have been tried clmically in Germany. That the combina- 
tion is a dangerous one is evident ; the products have been fully 
investigated by Binz and H. Bauer and include some toxic 
substances. 

Of the large/number of derivatives of p-aminophenylarsinic acid 
prepared afnd xWined by the Rockefeller Institute trypars- 
amide, ASO 3 H...C 0 H 4 .NH.CH 2 .CO.NH 2 , appears to be relatively the 
most favourable in its therapeutic action. Towards mice and 
rats infected with Trypanosoime rhodesiense, gambiense,^^^ and 
equiperdum,^'^^ it has respectively the chemotherapeutic indices 
1/1. 5*, 1/7 to 1/5, and 1/10. It has been tried clinically in the* 
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Belgian Congo on 77 human cases, ho*relapse occurring in some 
cases up to 111 days.^^i ^ 

An arsenical preparation which has an advantage over all others 
in that its subcutaneous or intramuscular administration is rela- 
tively ^pai^iless is sulfarsenol, the essential ‘ingredient of which is 
the combination of salvarsan base and formaldehyde-bisulphite : — 

_NHCH 2 *S 03 H 
OH^ ^Aa == As<^ ^OH 

It was originally’^ protected by the Germans^^z jjqI; taken up 
clinically, and has now been introduced by the French. The 
results obtained with spirochaetu pallida, the organism of syphilis 
in man, arc almost uniformly favourable.^^® 

Arsenic compounds of the pyrazolone series have not hitherto 
been described. The lacuna is now supplied by a patent^^* which 
describes the preparation, for example, of the arseno-derivatives 
of aminoantipyrine, into the amino-group of which can be intro- 
duced the groups — CH 2 .CO 2 H, — CH 2 .SO 2 H, and — CHo.SOaH, with 
the production of the analogues of the salvarsan series. The 
products arc said to be highly spirillocidal : — 

Mo C - C NH CHj COjH 

Me-if CO 

\/ 

NPh-AsOaHj' 

Antimony and Bismuth Compounds. — ^The success which has 
attended the use of organic compounds of arsenic in mfedicine has 
not found a counterpart in the corresponding antimony compounds. 
The only derivative of antimony which has proved of real value is 
tartar emetic. It was shown by J. B. Christopherson that irftra- 
venous injections killed bilharzia in all its stages, the chitinous 
shell of the ovum even being permeable.^^s successful treat- 

ment of a thousand cases of bilharziasis in Egypt by one clinic is 
recorded, although a desire is expressed for a somewhat less toxic 
substance.^*® The related bismuth compound, sodium pdlassium 
bismutho-tartrate, has recently attracted considerable notice. 
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B. Sauton and E. Robefb showed^^’ that this substance had a, 
curative actfon on sjHrillosis. •An extension to experimental 
syphilis in the rabbit was made by C. Levaditi and R. Saverac with 
equally good results. authors have applied it to the 
human subject in five cases with somp success, ^29 g y^y favour- 

able report of 110 human cases is presented by L.*Eour^|ier and 
L. Guenot.^^® Unlike many of the arsenic drugs, sodium potassium 
bismutho-tartrate is much more toxic to spirochaetes «ithan to 
trypanosomes.^®^ * • ^ 

Hypnotics. 


The presence of alkyl gi*oups is often associated with hypnotic 
properties. That similarity of molecular build or arrangement may 
play a part may be seen by comparing the following formulae, which 
represent substances possessing h}q)notic and narcotic properties : — 


CO— NH 

Et/ I I 
CO— NH 

. I. 


CO — NH 

Et/ I 

NH — (!!0 

II. 


CO - NH 
Et i 

EV I 

C6H4— Co 
III. 


CO— NH 

I 

0 — Oo 
IV. 


Luminal (I.) .and nirvanol (II.) are well-known hypnotics. The 
third formula is that of diethylliomophthalimide, a member of a 
group of hypnotics j)rcpajed by A. Lnmiere and F. Perrin^®® and 
described in last year’s report. The fourth formula is that of a 
diketotetrahydro-oxazole, a member of a new group of hypnotics 
obtained the action of chloroformic ester on the corresponding 
disubstituted glycoUamide. This last group forms soluble salts 
with alkali hA^I^oxides or carbonates.^®® Lumipal (I.) forms 
addition cbmpi/ands with morphine alkaloids, e.g., morphine, 
ethylmorphine, and codeine, and the products are used for induejng 
“ twilight sleep.”^®* Diallylbarbituric acid algo forms similar 
crystalline addition compounds.^®® 

Various methods for the preparation of the hydantoin type of^ 
hypnotic (II.) have been described previously.^®® Other avenues 
of approach are .being systematicaUy explored and covered by • 
patent. Arylalk 3 flmalononitriles, Ri(R 2 ).C(CN) 2 , are treated with 
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hypochlorite or hypobromite solution^ with prbJuction of the 
hydantoins,^'*’ or urethanoarylalk^lacetic acid esters 6f the formula 
R(Ri).C(N11.C02R)C()oR are treated with ammonia or mono- 
alljylamines.^^^® 

A number of urethanes containing a chlorine atom, of the general 
formulq, Cll 2CI.CH o.CHR.OCONH g, and others containing a 
l)henyl group of the type Ph.CHR.OCONHg have been prepared 
in ordei; to study iheir hy’pnotic properties, by J. Puyal and Mile. 
Montagne.^^® The same authors in conjunction with M. E. Four- 
neau are examining the jireparation of cyclohexanecarboxylic 
acid (I.) and its derivatives, as it bears a resemblance to a-ethyl- 
valeric acid (II.), some derivatives of which hav^e sedative proper- 
ties.^^® 


/CHgCHa. /CO2H 

^CHg-CH/ 

T. 


ch/ 


OHjCh/ \ 


COjH 

H 


il. 


Chloral has boon condensed with p-acetylaminophenol, the basal 
substance of a number of antipyretics. The product, NHAC.C0H4. 
O.CHOH.CC/la, is said to be a more energetic soporific than chloral.^ 


Local Anesthetics. * 

The possibilities of variation in the alkamine esters appears to 
be unlimited. p-Aminobenzoic acid forms the starting point for 
many substances w^ith anaesthetic properties. ' The availability of 
n-butyl alcohol has led to the preparation of w-butyl p-aminoben- 
zoate,^^2 NHg.CeH 4.00004119, and the general interest exhibited 
in ally! derivatives since J. v. Braun s discovery that N-allylnor- 
codeine was physiologically antagonistic to morphine, to the allyl 
ester of p-amiaobenzoic acid.^*® w-Butyd esters of 0-, m-,,and 
p-amino- as well as of 2 . 4 - and 3 . 5 -diaminobenzoic acids have 
been prepared. By means of a rough test for anaesthetic power the 
%-butyl and allyl p-aminobenzoates and w-butyl 3.5-diaminoben- 
zoate were found to be the most active.^** A somewhat less com- 
mon combination is that of o-diethylaminocyclohexanol^and p- 
aminobenzoic acid, but its action has not yet been reyorded.^*® 
H. Thoms and K. Ritsert have prepared a numb<^r of derivatives of 
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«« Ibid., G.I?. 335,993 ; 7., 1921, 601a. 

Bull Soc. Chim., 1920, 27, 857 ; J., 1921, 60a. 

Anal Fis. Quim., 1921, 19, 192 ; J. Chem. Son., 19fil, i., 566. 

* 0. Hinsberg, G.lf*. 332,^78 ; J., 1921, 370a. 

Soc. Chim. des Usines du Rhone, E.P. 148,743 ; J., 1921, 195a. 
H.C. Brill, J., 1921, 748a. « 

The Abbott Laboratories, U.S.P. 1,360,994 ; J., 1921, ^ 12a. 

H. C. Brill, J. Amer. Chem. ^Soc., <1921, 48, ‘ 1320 ; J., 1921, 748a. 

A. -E, Osterbergtand E. C. Kendall, 1921, 48, 1^70; J., 1§21, 

74gA. 
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anseathesin, NHa^DeHi.COaEt, by introducing positive or negative 
groups into thfe amino-group.^*® ffhe products have been tested 
by J. Morgenroth/*’ who found that the anaesthetic property 
disappeared on introducing negative gioups, and that in general 
substitution of the amino-hydrogen atoms reduced the ai^sesljietic 
action. In one case only, that of the hydrazine, NH2.NH.C6H4. 
CO aEt, was the activity comparable with that of anaethesin.* 

In the well-known anaesthetic novocaine, NII2.CcH4.CO2.CH 2. 
CHa-NEtaHCl the diefhylaminoethyl^radicle is combined with the 
carboxyl group. The anaesthetic properties may* also appear when 
this radicle is introduced into the amino-group. Thus, in general, 
/8-chloroethyldialkylamincs react with p-aminobenzoic acid esters 
with production of /9-dialkylamino-ethyl-p-aminobcnzoic alkyl 
esters.^*® : — 

CI.CH 2 .CH 2 .NR 2 +NH 2 .C 6 H 4 .CO 2 R 1 ^ RaN.iCHala.NH.CcHjCOaR* 

The p-aminobenzoic acid esters used are methyl, ethyl, propyl, 
n- and iso-butyl, and wo- amyl. 

A number of compounds of the novocaine type have been pro- 
tected in the United States, of the general formulae, Ar.C02.(CH2)x* 
NRa and Ar.C02.(CH2)3.NRR\ and in particular NHg.CcHA.COg. 
(Cll2)2.N(C4H9)2, the dibutyl analogue of novocaine.^*® The 
replacement of one of the ethyl groups in novocaine by Unsaturated 
groupings, e.gr., allyl or styryl, leads to the production of substances 
with enhanced local anaesyietic properties.**^® 

In the aliphatic series, E. Fourneau has prepared ethyl tetra- 
methyldiaminohydroxyisobutyrate by the action of dimcthylamine 
on dichlorohydroxyisobutyric acid ethyl ester. The benzoyl- 
derivative proved to have a local ansesthetic action but was 
irritant.*®* ^ ^ , » 

A study of tiio influence of the acid radicle on the anaesthetic 
properties of various esters of dimethylaminodimethylethylcarbiiy)! 
has been made by J. M. Cano and J. Ranedo.*®,® The esters of 
benzoic, heptoic, and cyclohexanecarboxylic acids were of almost 
equal. anaesthetic power, and within limits anaesthetic power in- 
creased wjbh the molecular weight of the acid radicle. 

Antiseptics. 

The conditions which an ideal antiseptic for use in vivo must 
fulfil are very stringjent. At the present time hexamethylene- 
tetramine is widely used to produce urinary antisepsis because it 

!*• Ber. deuts. Phart^. to., 1921, 31, 65 J., 1921?277a. 

*« Ibid. 

1 ** Soc. CWm. des Usines du Rhone, E.P. 163^827 ; J., 1921, 27a. 

**• Th^ Abbott Laboratories. U.S.P. 1,358,750-1 ; J., 1921, 238a. 

1 *® J. V. Braun and 0. BraunsdQrf, Ber,, 1921, 64, 2081. 

BtUl She. Chim.,*mU 29 , 413; J., 1921, 527a.* 

^naU Pis. Quim., 1920, 18, 184 ; J. Chem* Soc., 1921, i., 384. 
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liberates formaldehyde in the iiriiie,»but only^if this is acid, a 
condition difficult to ensure.^ 1 . E. G. Davis examined 204 readily 
accessible aniline dyes with a view to their use as urinary antisep- 
tics.^®* Out of the 204, fifteen were chosen which were (a) antiseptic 
in urine^' (b) excreted by the kidney, (c) relatively non-toxic. Of 
these only two, acri-flavine and flavine, caused the excretion of 
antiseptic urine after intravenous administration. The most 
promii^g groups ’'were the triphenylmethane, xanthone, acridine, 
and azme groups. Acriflavinp has also provdd an efficient antiseptic 
for gonorrhoea.^®®' 

A valuable contribution to the chemotherapy of the acridine 
group has been made by J. Morgenroth, R. Schnitzer, and E. 
Rosenberg.^®* The order of activity towards streptococci in vitro 
of a series of acridine compounds of the type (I.) where R may be 
various alkyl groups,* was different from the order of activity to 
the same strain of streptococci in vivo^ and using other strains of 


NHC2H4OH 




NH* 


NHa 


) ■ -()$( 


I 

v/NH, 


I, 11. . III. 

streptococci, this series was inactive to many. The search for the 
“ pantherapeutic agent ” for streptococci resulted in the discovery 
of two very active substances (11.) anfi (III.), of which 2-ethoxy- 
6.9-diaminoacridine (III.) has been introduced as a commercial 
product under the name rivanol. For all strains of streptococci 
examined, the disinfection quotient, which is the ratio of the 
concentration which kills in vitro, to that which kflls in vivo, was 
1 /2*5, which iS better than that of the best previous antiseptic, 
vuzin (wo-octylhydrocupreine), which had the value 1/5. Against 
staphylococcus the quotient is even better, being 1/1. 

J. B. Cohen and C. H. Browning have also examined the chemo- 
therapy of acridine compounds with special reference to pyogenic 
* infections.^ ®^ The chemical fragments of the acridine ihorecule, 
such as pyridine and quinoline derivatives, ^ere of \ow-grade 
antiseptic power, and in the acridine series substances with free 
amino-groups were the most efficient, the methylation of the 
tertiary nitrogen atom 10, having no effecfo. In the phenazine 
series, i.e., derivatives of CeHi : N 2 : CeH 4 , t^e methochloride of, 
for example, 2.7-dcamino-3.6-dimeth3ilphenazine* and 2-amino- 
iiaphthyl-7-amino-3-methyfphenazine were as powerful antiseptics 
L. J. Henderson an* W. W. Palmer, J. Ohem» Soc., 191^, i., 668. 

Amer. J. Med. Science, 1921, IW, 261. 

*»» D. Wateon, Bnt. Med. J., 1919, 1. 671, . 

De^. Med. Woch^h., 1921, 47. 1317. ‘ 

Brit. Med. J.. 1921. 2. 696. 
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towards 8Ux(phylococcus aufms as the acridine series. The action* 
of similar members of the acridfhe series on protozoa has been 
investigated by*E. Lenz*®® and the bactericidal action of gold, 
silver, and cadmium compounds of flavine by M. Berliij^r.^®® 

For an antiseptic to be effective* against typhoid carriers, it 
should be excreted through the gall-bladder and not in the urine. 

A number of dyes were examined and found active in vitro against 
B, typhosus, but were not excreted through the gall-bladdeft New 
Fast Green 3B, a tripLenylmethane derivative, proved effective in 
rabbits, being excreted in the bile ; it may, however, be toxic.^®® 
Bayer 205. A new era in tr^'panosoma therapy seems to have 
opened up with the introduction of this substance. Ehrlich and 
Shiga showed that Trypan Red, a dye produced by coupling a 
diazotised benzidinesulphonic acid with a disulphonic acid of 
;0-naphthylamine, had pronounced trypanocidal properties. Follow- 
ing up this discovery Mesnil and NicoUe examined the trypanocidal 
action of a number of dyes containing as an essential constituent 
an aminonaphthalenesulphonic acid.^®* As a result it was recog- 
nised that the dyes which had the greatest trypanocidal power 
were derivatives of naphthalene containing sulphonic acid groups 
in ^he positions 3.6 and hydroxy, amino, aminohydroxy, dihydroxy, 
and diamino-grotips in the positions 7 and 8. The most favourable 
substance was prepared by the Bayer firm by coupling diazotised 
p-diaminodiphenylurea with H-acid (1.8-aminonaphthol-3.6-disul- 
phonic acid). A great advance was the discovery by the same firm 
that the trpianocidal substance need not be a dye, and this firm 
has protected by patent a large number of ureas derived mainly 
from nuclei containing amino-sulphonie acids of naphthalene.^®® 
As an example i!/he type of substance produced may be quoted 
the urea, formed by the action of carbonyl chloride on the correspon- 
ding amino-derivative of the substance produced by the introduction 
twice, of p-nitrobenzoyl chloride into H-acid : — • 

OHNH-rco(^ ^NhI CO-fNH v~^CO-]jNH OH , 

• v\/'\ ^ /V^ 

The variations that have been protected are many. H-acid 
may be replaced by ^ great variety of other amii]|p-di- and tri- 
sulphonic acids with or without hydroxy, methoxy, chlorine, or 

Z. gea. Exp.tMed., 12, 195 ; J. Ckem. Soc., 192J, i., 756. 

»» Bert. KUn. WochJ^ 1921,18, 177 ; J.. 1961, 486a. 

T. D. Beckwith, J. InJ. Dia,, 1921, 29, 496. 

1" Bert. Klin. Woch., 1904. * 

Ann*In^. Pasteur, 1906, 20, 417, 619. 

G.P. 278,122, 284,^98, 2§8,2f2, 288,273, 289,107. 289,163, 289,270, 
289, ?71, 289,274 291,351 ; J., 1914, 826 ; 1916, 347, 889 i 1916, 438, 664 ; 
1918, 20a. 
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‘ bromine atoms. The acid chloride whic*li is introduced once, twice, 
or more times into the amino-group, can a^so be varied and may be, 
for example, m- or ^J-nitrobenzoyl, w-nittoanisoyl; m-nitrophenyl- 
sulphonyl^. 2 ^-nitrophenylacetyl, m-nitrocinnamoyl, and similar 
radicles of the naphthalene series . The CO group which links the 
two halves of the molecule may be replaced by CS forming thio- 
ureas. The formation of mixed types is also patented and also 
the re](51acement of the aminonaphthalenesulphonic group by 
derivatives of benaene or carlTazole, the therapeutic activity of the 
benzene derivatives being only manifested if twice substituted by 
the acid chloride. Finally the NH.CO group which links the 
nuclei together may be replaced by the urea group NH.CO.NH. 
The claim is made that all these substances in dilute solution cause 
the disappearance of spirochaetes from the blood of infected animals 
and have a powerful healing action on animals with trypanosomiasis. 

Bayer 205, the exact composition of which is at present a trade 
secret, appears to belong to the above group. It is a white powder, 
soluble in water even to 20% forming a neutral solution which can 
be sterilised and keeps well. Several observers in Germany have 
recorded its curative action^®^ on mice, rats, rabbits, and guinea- 
pigs suffering from Trypanosomce brucei, equinum, equiperdum, 
gamhienae, and rhodesiense. Its chemotherapeutic index is especi- 
ally favourable and the substance may be administered orally, 
subcutaneously, or intravenously. It does liot kill trypanosomes 
in vitro f but renders them incapable of multiplying when injected 
into animals. The serum of animals or of normal meja who have 
received the substance intravenously or orally remains active for 
many days and when injected can cure animals suffering from 
trypanosomiasis. Animals which have been cured are immune 
from re-infection for some considerable time. Owing to lack of 
of)portunities it has, so far, only been tried on two human cases of 
sleeping sickness, with successful results in one case, the details of 
which have recently been published.^®® A German expedition,' 
however, under the auspices of the British Colonial Office, is on 
its way to Rhodesia to test the treatment.^®® In Eijgland the 
cur£^tive action on animals has been confirmed bj C. M. Wenyon.^*’ 

1®* L. Haendel and K. W, Joetten, Berl Klin, Wochsch., 1920, 35 , 821 ; 
M. Mayer and H. Zeiss, Arch. f. Schiff. Trap. Hygty 1920, 24 , 267 ; 1921, 25 , 
149, 259. CJ. also ibid.y 29 ; H. Miessner and R.*Bergo, Bull. Inst. Pasteur, 
1921, 19 , 380. W. Whither and W. Pfeiler, ibid., 380. . 

166 Miihlens and W. Menk, Miinch. Med. Woshsch., 1921, 46 , 1488. 

Lancet, 1921, 2 , 1926. 

BrU. Med. J., 1921, 2, 747. 
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.1‘HOTOGEAPIIIC MATEEIALS AND. 
T’EOCESSES. 

By P. F. Renwick, A.C.G.I., F.I£!. 


The first steps towards the achievement of photography as a 
practical art were largely due to men of acknowledged scientific 
repute of British birth. The names of Josiah Wedgwood, Sir 
John Herschel, Sir Humphrey Davy, Henry Box Talbot, and 
Robert Hunt readily occur to the mind as oistinguished men of 
science who devoted considerable attention to the subject in the 
first half of last century. Herschel, Box Talbot, and Hunt all 
added considerably to thfe list of known photochemical reactions, 
and to Box Talbot belongs the distinction of working out more 
than one process to a successful issue and of introducing the method 
of producing positive prints from a negative and so enabling the 
production of any number of copies. It is highly fitting therefore 
that the Royal Photographic Society shuuld recently have 
undertaken the guardianalip of Box Talbot’s apparatus and 
results and the setting up of a permanent memorial to him. 

Towards tjfie end of last century, after the establishment of 
numerous firms for the wholesale manufacture of sensitive materials, 
very few men of *note in the scientific world devoted themselves 
to the^ study of pp^/ .ochemical problems in spite of tkeir profound 
importance and irnerest, but the death, at the close of last year, of 
Sir Wm. de W. Abney removes from our midst one whose name wiM 
always be associated with his valuable contributions to photo** 
graphic science which traversed a very wide field both in the chemical 
and the pj^ysical aspects of the subject.^ 

The present flourishing photographic industry owes its develop- 
ment almost entirely to the dogged energy and perseverance of a 
number of untrained enthusiasts whose names are mostly unknown 
to scientific men, and ij is probable that in the whol^ world there 
were not a score of well-trained chemists employed in it thirty 


years ago. • ^ . 

The present outlook is very different^ In the first place the# 
industiy has aj^sorbed and trained a considerable number of young 
men who hgd first received an education in scientific method and 
who have elaborated Hurter and Driffield’s invaluable system of 
examining and classifylhg photosensitive materials? so that to-day 

^ Sir W. Abney, Phot. J.^ 1921, 61 , 44, 296. 
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quantitative modes of expression al‘e, or shoidd be, regularly 
employed by all serious workdrs to describe their attributes. 

Secondly, the industry has become so huge and complex that it 
would |)e impossible to produce the required quantities and the 
variety of these very delicately balanced products with reasonable 
unifoimity without an elaborate system of scientific control. (In 
illustration of thj? magnitude of the industry the following figures 
are instructive. Approximate number of kinema theatres in 
existence 90,000,; estimated length of kinema film exhibited 
every week 300,000 miles, of which at least 10,000 miles represents 
entirely new matter, no allowance being made for the enormous 
amounts consumed which are never issued for exhibition. To 
this must be added all the roll films and plates and the positive 
printing materials of all kinds used in other photographic work, 
both professional and amateur.) 

Thirdly, as a consequence perhaps of the industrial difficulties 
which have arisen since the war, there is a keener appreciation of 
the overwhelming importance of light sA the prime cause of those 
innumerable natural synthetic and analytic reactions on which 
all living matter depends for its growth and development, and as 
a result w,e observe a great revival of interest in the mechanism of 
photochemical changes and a desire to direct and control them 
for the service of mankind. It has become evident that efficient 
photochemical manufacturing processes would save the community 
the expenditure of much manual labour and postpone the depletion 
of our rapidly dwindling and irreplaceable supplies o^ coal and oil. 
Moreover, if such processes can be colour-sensitised effectively 
there seems less reason to assume they would require to be carried 
on in tropical climates to be economically suceessful. , 
Photography then, should be regarded as merely the first photo- 
chemical industry to be established, and as such it cannot fail to 
benefit from the researches in other branches of photochemistry, 
the study of catalytic reactions, and particularly from investigations 
of heterogeneous reactions in colloidal media which ^appear in 
the future. « 

As evidence that British photographic chemdsts are alive to the 
importance of widening their outlook, the appearance of a new 
journal published by the Scientific and Technical Group of the 
Royal Photographic Society under the title “Photographic 
Abstracts is a nrost welcome sign #and deserves the support of 
' all serious workers in the* subject. The enlightened policy of those 
firms who jointly hear the greater part of the cost of this 
publication is highly praiseworthy and cannot fail ‘ to be re- 
warded through the greater zeal for an4 efficiency in the per- 
formance . of their ^duties which it ^ surely evo^e amongHheir 
teohnio£4 staffs. 
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Photography fife undoubtedly regained much of its popularity 
IS a pastime, and the lurek of the kinema theatre seems irresistible 
bo the majority ; moreovejr the employment of photomechanical 
processes for illustration work continues to grow steadily, while 
professional and scientific* photography continue rapidly to multiply 
bheir already numerous ramifications, so that if a reasonably, early 
fetum to normal trading conditions should occur it is safe to predict 
% considerable permanent expansion of the industry. The^ is a 
far wider and more intelligent appreciation of the advantages of 
colour-sensitive negative-making materials for all kinds of work 
than before the war, probably as a consequence of the large numbers 
of men who learned from experience on active service how indis- 
pensable such plates were to our success. There are indica- 
tions of a desire on the part of manufacturers to simplify their 
problems by producing only a few articles in large quantities, 
but it has long since been found impossible to produce even one 
product which suits all tastes, so many and so subtle are the 
requirements of different .users. 

While the importance of photography in everyday life is but 
dimly realised by the general public, few even among the highly- 
educated classes realise what an effect it has had on man’s intellec- 
tual life during the past two years. But for the fact that a few 
star images occupied certain positions on a few photographic 
plates exposed at the solar jelipse in 1919, it is certain that the 
majority of us would have taken no interest in theories of relativity. 
An attempt to verify these observations on Christmas Island in the 
Indian Oceaff and elsewhere at the eclipse next September is 
already organised and will again rely on photographic records of 
apparent star posj^ 'fms, when doubtless there will fqjlow another 
flood (Jf ideas on Jus abstruse subject. In delicate work of this 
character careful attention must be paid to various disturbing 
factors such as the mutual influence of adjacent images — a 
subject recently rc-studied by F. E. Ross.^ 

During the past year the photographic industry has suffered 
from the prevailing world-wide trade depression, though perhaps 
less acutely* than mc^st. There was a marked fall in the prices of 
fine chemicals duriilg the summer months, but this advantage 
may be lost, presumably to the benefit of the fine chemic£^ trade 
of this country, by the operation of the Safeguarding 5f Industries 
Act, 1921, which came into force on October 1st last, since every 
fine chemical and almost all the apparatus^used fh the industry fall ^ 
within its scope. 

At the date*of writing, the depreciated falue of the German 
mark apparently outweighs any encouragement which the Act 
might have given *to ouriilie cj^emicals industry, whjie this measure 

* F. E. RosB,*A5trop%tf. J., 1921, 58, 349. 



642 


* I * ' 

RBPOBTS OF THE VROGRESS OP APPLIED CHEMISTRY^, 

r 

* * ' r 

certainly makes the obtaining of rare synthetic ' chemicals from 
abroad an extremely aggravating process. 

Raw Materials. 

% *■ 

Aihong the raw materials ef the photographic industry, the three 
which "Call for the greatest care, judgment, and experience in their 
selection and use. are gelatin, paper, and collodion cotton. There 
are no “generally recognised methods of testing any of these products 
for photographic .purposes circept the obvious one of trying them 
on a small scale and noting the results before proceeding to large- 
scale use, and it must be admitted that at jircsent there seems 
little prospect of devising really reliable chemical methods of 
testing them. 

It is satisfactory to be able to record that considerable progress 
has been made in this country and elsewhere during and since 
the war in the production of first-class gelatins suitable for all 
photographic purposes, and we are now quite independent of 
Germany in this matter. 

Regarding paper stock suitable for bearing sensitiv.e emulsions, 
some progress has also been made, but of a more limited character. 
Supplies of collodion cotton of British manufacture suitable for 
preparing print-out collodion emulsions are also more easily 
obtainable than in pre-war days. 

While a great deal of new work ob gelatin has been published 
during the past year, a proper appreciation of the bearing of 
modern research in this field on photographic problems is as yet 
impossible. It becomes daily clearer, however, that there are 
numerous facts, with which most photographic works chemists 
are familiar ain practice, whose interpretation,, is rendered easier 
by the aid of the newer theories dealing with colloidal forms of 
matter, and it is to be hoped that the photographic industry will 
derive some benefit by the adoption of the methods of examining 
gelatin which are gradually being worked out.^ In many cases, 
however, these are little more than slight modifications, of old 
physical tests which have been long since found to be of no great 
assistance to the emulsion maker. 

What is urgently needed as a beginning is a satisfactory method 
of determining the relative proportions ^ and characteristics of 
the hydrolysed ,and unhydrolysed constituents of commercial 
gelatins. A ready means of separating therm, unchanged would 
enable their separate ii^uences on emulsion-making processes to 
be properly studied,^ and the diverse photographic qualities of 

* S. E. Sheppard and S. S. Sweet, J, Amtr. Chem. (Soc., ^1921, 48, 539. 
H. D. Dakin. J. Biol Chem., 1920, 44- 499 ; 1921,- 120, i., 66. S. E. 

Sheppard-and S. S. Sweet, J. Ind. Eng. Chem. 1^21, 18, 423. S. E. Sheppard 
and F. A. Elliott, J. Amer. Chem. Soc., 1921, 48, 631. ^ 
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different brands? of gelatin ^ be correlated with their chemical 
as well as their purely physicf^l differences. Moeller’s recent' 
studies^ of Procter’s discovery that the addition of a little acid 
precipitates dissolved gelatin from saturated solutions of common 
salt leaving the degradation products in solution, e-^pe^/rs to 
offer an opening for attacking this problem. '• 

Several new patents for flexible supports of a non-inflammable 
character have been granted,® but from one ca\isc or another the 
proportion of positive film of the “ non-flam ” type shown in 
picture theatres is still quite small, kence it w^uld seem that the 
ideal support is still to seek. 

Storage of Sensitive Materials. 

One of the most intricate problems constantly confronting the 
manufacturer of light-sensitive materials is the preservation of 
their properties unimpaired up to the time of use — a period which 
may amount to several years, under the most varied climatic 
and other conditions bf storage. The problem presents two 
essentially different aspects ; firstly, the exclusion, by the use 
of jnore or less impermeable wrappings, such as sealed tins, foils, 
waxed papers, etc., of moisture and injurious gases .pr vapours, 
and secondly, the discovery of stabilising agents or of improved 
processes of manufacture which will arrest or minimise any tendency 
to spontaneous changes hi the sensitive materials themselves. 
Naturally enough, discoveries falling within the second category 
are not usually published but become jealously guarded trade 
secrets, so that the chemistry of stabilisers is an almost unexplored 
field of scientific^enquiry. ^ 

A povel m®dc < 4 protecting a^photographic film against moisture 
has been patented by F. W. Lovejoy,® who applies to the surface 
a transparent layer of a fatty acid (palmitic or stearic) which Is 
saponified and dissolved by the alkali of the developer. E. Merck 
and L. Weber’ claim the addition of certain salts, e.gr., ammonium 
oxalate qr acid phosphate, to the sensitising ferric oxalate prepara- 
tion for improving the keeping quality of negative tracing (blue 
print) papers. A ^.bport by the Eastman Kodak Company® deals 
with the fading of finished prints made by the same process and 
recommends that inst^d of plain water, a 0*2% pqtassium ferri- 
oyamde solution be used for development. ^It condemns the 

* W. Moeller, itolloid^Zeits.f 1921, 28, 281 ^ 29, 4«. 

6 F. Schaurich, Kunststo^e, Nov., 1920, 207. S. H. Wood, U.S.Pt' 
1,364;342; J., 1921, 164a. H. Dreyfus, U.S.P. 1,363, 384-6. G. W. MQes, 
E.P. 146,212. 

« F. W. Lovejoy, U.S.P. 1,342,690 ; J., 1921, 184a. 

J E. Merck*and L. WSlir, GiP. §31,745 ; J., 1921, 3S6a. 

» Eaatman^odak Lab. Rep, Nq, 1091 ; Phot. Ah^.^ 1921, No. 346. 



544 


JREPORTS OP THE *'ROailB9S OP APPLIED CHEMISTRY. 


^practice of adding hydrogen peroxiae to the de^. elopment water 
as conducive to rapid fading, o 

Before proceeding to deal with the more usual chemical and 
photochemical side of photography two very ingenious inventions 
must he mentioned. 

The ^st is Louis Lumiere’s method® of producing a composite 
photograph giving a very satisfying illusion of solidity (photo- 
stereosjnthesis). He prepares a number of positive transparencies 
on glass, each of -SYjiich depicts sharply a slightly different plane of 
the object, other planes being thrown out of focus by special 
optical devices during the making of the original negatives. These 
transparencies must be properly spaced in due order one behind 
another, in a framework lighted from the roar and viewed normally 
to secure the desired effect. 

The second is H. M. Edmunds’ invention enabling reHef models 
in wood, ivory, etc., to be produced mechanically from a photo- 
graph (photosculpture).'® A spiral pattern is projected optically 
on to the sitter’s head and shoulders and appears on the photo- 
graph as a close series of contour lines. A special, machine is 
employed to translate the motion of a stylus along these contour 
lines into the appropriate motion of a cutting tool on the block 
of material employed. The results shown in last year’s 
photographic exhibitions are certainly very interesting. 

Aviation has led to the developmv^nt oi new and important 
applications of photography to surveying and map-making from 
aerial photographs. The progress already made in -this highly 
technical subject has been ably reviewed by L.-P. Clerc.“ 


Kinematography . 

Kinematography has reached such enormous dimensions that 
it must now be regarded as a separate industry of a highly complex 
character, which uses huge quantities of sensitised negative and 
positive film as its chief raw materials, rather than as .a branch 
of photography. Nevertheless, any further improvements in 
these raw materials must depend on the chemists and emulsion 
makers the photographic industry and will naturally find many 
other fields ol application, but such progrGSs is necessarily rather 
slow. The energibs of research workers in kinematography are 
mainly devoted to the solution of opticaP and mechanical 
problems with which this report does not 'profess to deal. 

* L. Lumiere, Comptes rend., 1920, 171, 891 ; Brit. J. Phot., 1921, 68, 
110 ; BuU. Soe. Franf. Phot., 1920, 7, 262. 

•“ L,.P. Otero, ■Pftol.J., 1921, 61, 38'l. ' " ‘ 

u H: U. EdmundB, Amat. Phot, 1921, 68, 189 ; E.F. 170,686. 
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It is of interfij^t, however, oto note that inventors appear to be 
chiefly engaged on four problems : — 

1. The elimination of <bhe disadvantages arising from the inter- 

mittent projection and the discontinuous motion of the film through 
the projector. A large number of devices permitting c;j)ntinuou8 
motion of the train of pictures has been patented and some of 
them publicly exhibited, so that it may not be long before flicker, 
underlighting, film breakage, and other evils i* will be things of 
the past. I 

2. The discovery of a satisfactory method of imparting the 
appearance of stereoscopic relief to motion pictures.^ 

3. The perfection of a simple means of synchronising sound 
records and motion pictures — a feat which was shown to be possible 
in skilled hands with separate gramophone and kinema records 
at the Brussels International Congress of Photography in 1910. 

Recently, however, considerable success lias attended efforts to 
combine both the picture and the sound record on one film. Varia- 
tions in opacity in the photographic sound record cause rapid 
fluctuations in the intensity of an electric current passing through 
some form of light-sensitive cell, and these operate suitable 
amplifying telephonic devices for reproducing the original sounds.^ ^ 

4. The production of satisfactory motion pictures' in natural 
colours.^® 

In regard to this long-sought goal it appears fairly certain that 
for some time to come a fii\o-colour system, in spite of its serious 
limitations, is more likely to be a commercial success than a three- 
colour method, since the latter inevitably offers far greater technical 
difficulties. Modem developments indicate that a practical 
solution is likely^ be found first either in a method by which each 
unifpicture on film is a composite record in colour which can be 
used in existing projectors without alteration, or by one of the 
optical methods enabling the simultaneous maldng of the two 
records on adjacent areas of one film through a single lens and 

“.K., Higginson, E.P. 165,114 and 165,487 ; see &\3o Phot. J., 1921, 61 , » 
261. C. R. Claudy, Scient. Amer., 1921, 124 , 288, 297, 299. C. Zeiss, E.P. 
146,209. 'Petra A.oG., E.P. 164,873. W. C. Plank, U.S.P. 1,366,488. 
M. F. and L. D. Hfll, U.S.P. 1,367,476. E. H. Lysle, U.S.P. 1,367,487-8. 
J. A. Perry, F.P. 612,298. 0. Messter, G.P. 331,650 and 332,273!^ C.‘ W. R. 
Canjpbell and F. G. A. Iloborts, E.P. 161,329. E. Meehan^ F.P. 616,277. 

13 R. Gantes, F.P. 607,633. J. L. Pech, S:ient. Amer, {M<mthly), 1921, 
531 ; La Nature, 1921, 49 , 75., L. L. Ruffier, E.P.*,162,367. F. N. HaUet, 
U.S.P. 1,363,249. A. d«HaUoy, F.P. 614,076. * S. Tiirk, G.P. 334,383. A. R. ‘ 
Boorman, E.P^ 166,687. 

1* L. A- CoUins, U.S.P. 1,366,446 ; Tinted, Sept. 24 and 28, 1921 ; 
Nature, 1921, Qct. 27, p. 276. 

1® Natur^ Colour Ri<fbureij Ceff (W. F. Fox), E.P. 143,180, E. C. S, 
Parker, E.P. 507,724. I. Furman, U,S.P. 1,371,969 an3 1,371,970. 
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projection through two adjacent colo^i- filters tU combine on the 
screen. 

An interesting short discussion of the Various systems of colour 
kinematography theoretically possible, which contains somfe very 
decided \ expressions of opinion concerning them, is to be found 
in an article recently published by A. Gleichmar.^® He rules out 
as unworthy of consideration aU two-colour systems and states 
clearly but briefly the demerits and inherent difficulties of each 
of the Methods available to experiment. An article by C. M K. 
Mees in The Photo Mmt£l-ure for July, 1921, also contains 
interesting expressions of opinion on the subjc'ct. 

The only process of colour kinematography to come on the 
British market during the year is the American one Prisma,’* 
made under W. V. D. Kelley’s patents.^’ It is a two-colour process 
in which the picture is composed of juxtaposed microscopic areas 
of orange-red and blue-green, made by dye-toning on either side 
of a doublcscoated film. A short film based on a three-colour 
subtractive process by S. M. de Procoudine- Gorsky^® was exhibited 
privately in London last spring. 

In connexion with processes of staining up the positive colour 
records, considerable attention is being devoted to the dye-adsiorp- 
tivc properties of the silver halides and metallic ferrocyanides,^® 
while a novel property of the develo})ed silver image forms the 
basis of a patent by J. H. Christensen,^® who finds that in the 
presence of suitable reducing agents (e.^., amidol or hydrosulphites) 
certain dyes are readily reduced to their leuco bases where the 
silver image occurs. An interesting reaction of a similar kind is 
described by J. I. -Crabtree^^ who finds that even an ordinary 
acid ‘‘ hypo ’’ fixing bath can function as the reducing agent. 

Colour Photography. 

In a chapter of J. Plotnikow's recently published book on 

Photochemistry appears the only important new suggestion of 
a possible method of recording colour photographically. He points 

A. Gleichmar, Phot. Ind., 1921, 894. 

W. V. D. Kelley, E.P. 129,638 ; Brit. J. Pho^ 1920, 67, Col. Suppl., 
47 ; 1921, 68, Col. Suppl., 18. 

de Procoudine Gorsky, E.P. 136,171 and 168,100. Sec also 
Brit. J. Phot.y 1*321, 68, Col. Supply 38. • i 

» A. Traube, E.^P. 147,005 and 147,103 ; J., 1921, 325a, 413a. F. E. 
Ives, Brit. J. Phot., 1821, 68, Col. Suppl., 3,*. J., 1921, \)9a ; Brit. J. Phot., 
q921, 68, 186; J., 1921, 325k. L. Lobel, Bull. S&c. Fran(^. Phot., 1921, 8, 
78. W. V. D. KeUey, E.^. 160,137, J. I. Crabtree, U.S.P, 1,389,742 ; J., 
1921, 791a. S. M. de Procoudine Gorsky, E.P. 168,100. 

• J. H. Christensen, E.P. 133,034 ; J., 1921, 164a. 

. « J. I. Crabtr^, Bnt. J. Phot., I9fi, 68, 32‘; a., 1921, \29 a. 

8? J, Piotnikow, “ AUgemeine Photochemie'' See also Pf^t, Ind., 1921, 6, 
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out that if dy€?^'could beSjiafle which were “fast” to the acidcon- 
stituentg of the atrriPosphore and to light except in the presence of ap 
colourless catalytic ageirt, in the presence of which they change, 
on exposure, to stable colourless products, removal of the catalyst 
after printing would yield a jiermanent coloured image^ No such 
combinations of dye and catalyst arb, however, known at present. 

Apart from this suggestion no new princijde appears *60 have 
been evolved, and most of the published papers and patents arc 
concerned either witli means of overcoming well-known mechanical 
difficulties or refer to special toning'oi* dyeing i)pcrations in which 
one or other of the known properties of selectively hardened gelatin, 
or of the silver image or an insoluble salt formed from it, is employed 
as medium for the colour.^^ 

There can now be little doubt that no process involving the 
use of more than one plate for negative making is likely to attract 
the general public. This part of the problem may be said to have 
been solved by such screen-plate processes as the Autochrome 
and Paget colour processes. They remain, however, comparatively 
little usecl, larg(dy owing to the absence of a simple method of 
reproducing them in the form of coloured ]>rints on ))aper. Here 
again it is probably safe to hazard the opinion that any system 
involving the ipaking of a colour analysis of the original and a 
separate printing on paper from each of the three negatives so 
obtained would never achieve popularity. Hence all methods 
based on the superposition*of dyed reliefs or on the transfer of dyes 
to paper to form the print by imbibition from three separate stained- 
up copies must giv^e wav to any successful method of producing 
the coloured paper print from a single printing plate. An interesting 
historical survQ/ including some of the former processes is contained 
in two receftt teles by E. J. Wall,^^ while in connexion with the 
possibility of successfully reproducing screen-plate tran^arencies 
on paper from a single printing plate the patent of 0 . Fielitz^^is 
worthy of attention. 

• , CoLouK Sensitiseks and Desensitisers. 

While the photdgraphic industry shares with most others the < 
need, for tinctorial purposes, of a range of dyes which are fast to 
light and various chemical reagents, and which are adtorbed by 
certain materials and* not by others, it is peculiar in requiring 
dyes having the j)owcr tc modify the normal iJlue- violet sensitive- 
ness of the silver hal^ies bf conferring vpon them a high degree of , 

sensitiveness to other regions of the spectrum. Some are requireS 
• • 

Qes. •£. angew. Phot. m.b.H., G.P. 328,618 ; J., 1921, 196a. B. 
Lincke and R. Kaufhold, G.P. 336,041 ; and see also ref. 19. 

,24 E. J. Wall, Bnt. J? Phot.f 19!!l, 68, Col Supply 3^, 34. 

8^ 0. Fielite. F.P. 615,067. 
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to sensitise over a quite limited ifaq^e of wa^-lengths, others 
for as large a range as possible, and all are desired to operate 
without depressing the white-light sensitiveness W the emulsion or 
inducing chemical fog or other defect. The discovery and 'study 
of sensitising dyes is an almost limitless and singularly attractive 
field of investigation which irt recent years has received considerable 
attention in this country, in France, and the United States., instead 
of being left almost entirely to German chemists, as had been the 
case foP some years before the war. 

Two new methods of preparing plates highly sensitive in the 
ultra-violet have been described by J. Duclaux and P. Jeantet,^* 
In one case the surface of an ordinary gelatinobromide plate is 
coated, before exposure, with a thin film of an oil or other liquid 
which does not penetrate the gelatin but which fluoresces strongly 
in ultra-violet light. - After exposure this li(pii(l is washed off in 
a suitable solvent before development is proceeded with. 

According to the second method, an ordinary dry plate is treated 
in a horizontal position with sulphuric ^cid of sufficient strength 
to dissolve the gelatin. The silver salts settle on to the glass and 
are washed free from gelatin and acid in a sluggish streain of water, 
dried, and finally protected by a thin coating of collodion before 
exposure. 'Such plates are stated to be highly sensitive to ultra- 
violet radiation even beyond 1900 A.U. 

It is apt to be overlooked that even the fastest modern dry 
plates do not fully utilise the normal seiisitiveness of silver bromide 
because of the high opacity of gelatin and of our glass lenses to 
short-wave ultra-violet light. With such plates as those described 
above it would be very interesting to investigate the possibilities 
of utilising as sensitisers colourless substances having absorption 
bands in the*^ ultra-violet region. ^ ' t 

^ Even r the most satisfactory colour sensitisers known are far 
from enabling us to utilise the incident light energy in other regions 
of the spectrum so efficiently as the undyed plate utilises the 
blue-violet. As a matter of practical experience it has been found 
extremely difficult to increase the total sensitiveness to bright 
daylight of a rapid dry plate by colour-sensitising it, ^the added 
sensitiveness to longer wave-lengths being always accompanied 
by a falliin blue-sensitiveness. That this result is not due to any 
direct antagonism between lights of different'oolours when operating 
simultaneously is hegatived, not only by giving equal exposures 
in a spectrograph te plates of the same batch, both imdyed and 
Hyed, and comparing the effects in the blue,*but by a recent com- 
munication of F. C. Toy,®^ who finds the effects of differently- 
coloured lights acting together to be simply additive. 'At presexit 

*• J.'Buclaux And P. Jeantet, J. dePh^^sique, IM. , 

F, O; Toy, Pr 9 Q.'B(yy, Soc., 1921, a 100, 109. 
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it remains obsclRe why we* are unable enormously to increase the 
sensitiveness to wjiite light of fasi^) emulsions by colour-sensitising* 
them. With very slow, '^ne-grained emulsions it is quite easy to 
aecomplish this, as most practical emulsion makers have long 
known, but the point* has been emphasised very use^tillx, and 
amply illustrated, in papers by Liqipo-Cramer^® duting the past 
year. * • 

For some time two or three dyes have been k*nown (Pinachrome 
Violet, Scnsitol Violet^ which operatg without reducing, if they do 
not enhance, the total sensitiveness of rapid plfttes to white light, 
but they are very prone to cause fog and are otherwise difficult 
to hanie. During the year a m w and powerful green-sensitiser, 
said to be a basic dye of an entirely new class, has been put on the 
market by the firm of Meister, Lucius, u. Briining under the name 
PinaflavoL It confers sensitiveness throughmit the green extending 
to the D (sodium) lines and shows no depression of sensitiveness 
in the blue-green as do dyes of the Eosin class. Like those already 
mentioned, it has the unusual property of enliancing rather than 
diminishing the total sensitiveness of the plate, but unfortunately 
it also readily gives rise to chemical fog and shortens the useful 
. life*of plates treated with it.^® Another dye of the same type has 
been examined* and reported on by Luppo-Cramer* under the 
designation P2 showing these qualities in s- still greater degree. 
Incidentally he makes several interesting observations on the 
different effects of chemical and physical development in such 
cases, no chemical fog being obtained by the latter method of 
development, and a greater relative increase of sensitiveness being 
found. Other papers by the same author^® dealing with the colour- 
sensitising qf ^r iodide contain a number of^ curious and 
interesting obsei v ations. 

Patents have been granted to E. Q. Adams and H. L. Halkr 
for sensitising dyes of the dicyanine class produced by the action 
of alcoholic solutions of strong bases upon the alkyl iodides of 
lepidine.®^ Miss F. M. Hamer has prepared and systematically | 
stjidied a l^rge group of isocyanine dyestuffs containing the amino, 
acetylamino, or cinnamoylamino groups in all practicable positions 
in the molecule and has drawn conclusions concerning the infljience 
of these groups and their positions in the molecule on ^Sensitising 
properties.®® 

Luppo-Cramer, Die Phot*, 1921, Nos. and 8^; i7., 1921, 750a. Phot.^ , 
Ind., 1921, 417. Der Phot., 1921, 31 , 242. 

Luppo-Cflimer, Der Phot., 1921, 81, 281. * 

LClpp6- Cramer, Phot. Ind., 1921, 611, 669 ; Die Phot,, 1921, Nos. 6 
and 8 ; J., 1921! 750a. ^ . 

E. Q. Adhms and H. L. bPaller, U.S.P. l,374,8p-2n J., 1921, 413a. 

« F. M. Hamer, Chem. Soc. Trans., 1921, 119 , 1432 ; J., 1921, 791a. 
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In a paper by W. Kbnig and (). "DereicheP^ dealing with the 
constitution of the cyanines and ^isocyanincs the^auttiors abandon 
Kbnig ’s (‘arlier view that in preparing /these dyes one of^ the 
quinoline rings has suffered fission of the pyridini^ ring, the reason 
being compounds of this type, whe*ii prepared, failed to 

show the ehal'aeteristies of the isoeyaniiies. The paper contains, 
besides, descrq>tions of a series of condensation products of 
dimethylaminobenzhldehyde and dimcthylaminocinnamaldehyde 
with a 8.nd 7 methyl cycloammonium salt^, which it would be 
interesting to exaifl'ine for sensitising properties in view of Mills 
and Evans’ negative result with o-aminocinnamylidencquinaldine 
(see Ann. Repts., 5, lib). 

C'Onfirmation of the writer's observation of red sensitiveness 
conferred by the action of soluble' iodides upon silver bromide 
(unulsions is forthcomliig in a paper by K. B. Archey^* and in 
one which will shortly appear in the Photographic Journal by 
S. E. Sheppard, who, however, finds the effect not to be common 
to all emulsions. f 

A very considerable amount of attention has been devoted to 
the study < f desensitising materials which have now found a useful 
field of application in practical photography. Prior to Liippo- 
Cramcr’s discovery of the utihty of the safranine dyes as desensi- 
tisers which do not impair the latent image, this class of substances 
was regarded simply as an unmitigated^nuisance to the manufac- 
turers and users of photosensitive materials since they are of fairly 
widespread occurrence and readily give rise to insensitive spots 
and markings on their products. Lumiere and Seyewetz®® have 
studied a large range of d^^es and other materials for desensitising 
properties and^find Aurantia (ammonium salt) sufficiently powerful 
for desensitising Autochrome plates and preferable to phenosafranine 
omthc gi\)und of the greater ease of removing the dye afterwards. 
Liippo-Cramer'*® has actively pursued the subject and concludes 
that desensitisers act as mild oxidising agents in preventing the 
^fo^mation of a latent image. As might have been expected, in 
view of the known depressant action of many colour- sgnsitiseii^, 
♦it has been found that phenosafranine and Bomemthel* desensitisers 
-can e^^ert a colour-sensitising influence.-^’ 

^ W. Komg‘'and p. Treichel, J. prakt. Chem., 1921, 102, 63 ; J.6.S. 
Abst., 1921, 120, 738. ^ 

^ 34 R, Archey, PMot. J., f,921, 61. 235 ; V., 192*1, 413 a, 

* 3® A. and L. Lumiei’e and A. Seyewetz, Brit. J. Ptiol.^ 1921, 6S, 351 ; 
t/., 1921, 529 a, Brit. J. l^iot., 1921, 68, Col. BuppL, 29 ; fend Bull. Soc. 
Frmg. Phot., 1921, 8, 216 ; J., 1921, 718a. 

Luppo-Cramor, Phot, hid., 1921, ^69, 312„669 ; J., 1921, 326a. Die 
Phot., 1921, No. 3, ]*; No. 4, 18. Phot. Rutfd., 19Jl, 37 ; 324 a. 

3’ Luppo-Cramer, P%ot. Ind., 1921, 417. * 
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PHOTOai^APHIC Dl¥EiLoPERS AND DEVELOPMENT. 

There* have* boon no i);uportan1» additions to the already large 
assortment of availabJe developing agents during the year. Patents 
have been granted to E. jAolshorn for derivatives of p-aminophenol 
and its 0-alkyl ethers, to A. S. McDsmicl and A. H. Nietff^® tor the 
use of diaminophenolsulphonic acid in alkaline solution, ^and to 
J. HaufE u. ( foi‘ o- and p-amino and diaminophenol and cresol- 
sulphonic acids in alkaline solution. ^ 

W. Krmen^^ has made some interesting comparisons of the 
relative ratios of exhaustion of a number of cfevclopcrs in equal 
concentrations, the results showing clearly that the piice per ounce 
is a very imperfect criterion of the real cost of a developing agent 
when it is ustid economically and in quantity. In a series of articles 
B. T. J. Glover discusses the application of the Watkins factorial 
method of th(^ development of j)lat(‘s aiuf papers ; one of the 
most important iioints emphasiscMl is that for bromide papers 
there is a certain range of correct (exposures within which 
identical qirints arc obtainable by compensatory alterations in 
the length of development. 

The important question of preserving developing solutions from 
atmospheric oxidation continues to receive attention, the most 
interesting contributions being M. J. Desalmc's rflethod^^ of 
presc'rvmg amidol by means of a complex stannous tartrate solution, 
and L. J. Buned’s method Ijy moans of lactic acid,^^ which are both 
fairly effective. Unfortunately they do not obviate the indelible 
black stain^ which amidol imparts to the fingernails on prolonged 
working with this developer. 

To Liippo-Crjmor*^ are due some further interesting observations 
on the moreafv u rapidity of action of quinol (Jiydjoquinone) 
developers in tlie presence of tracer of phenosaf ranine. He recom- 
mends this mixture as a cheap developer of the rapid Class ajid 
ascribes the jireviously observed similar effect of .mere dilution in 
the case of amidol and several other developing agents to the 
liberation of the free base by hydrolysis and its adsorption by the^ 
silver halkle. 

E. Kolshom, t.V. 145,514, 155,576, 155,576 ; J., 1921, 369a. 

” A. S. McDaniel and A. H. Nietz, U.S.P. 1,370,896 ; J., 1921, 426a. 

J. Hauff u. Co.,.aP. 327,111, 328,617, and 333,687 ; J.,'^921, 371a, 
6031. . • 

‘ « W. Erraen, Jirit. J. Pint., 1921, 68, 64 ; J., 1921, 163a. 

B. T. J. Glover, JfPhot,, 1921, 5^3, 519? 

« M. J. Desalme, Bev. Franq, Phot., 1921, 2, 128, 130 ; J., 1921, 529/. ' 

L. J. Bftnel, Bull. Soc. Frang. Phot., 1924, 8, 290. L. Lobel, ibid., 

8. 291. 

Luppo-Cramer, Der^Phot., 1^21, 66; J., 1921, 280a. Kolloid-Zeits., 
1921, 28, 174 1 J; 192f, 324/. Phot. Korr., 1921, 58, 121. Phot. Ind., 
1921, 912. • 
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The subject of chemical fog, its iWiion to sefiisitiveness, and 
*the causes which give rise to if*, is one^of ve^y great practical 
importance and theoretical interest. Hb researches specifically 
devoted to this subject have appeared, but incidentally a number 
of nev(. ckoumstances in which it arises h*ave been observed by 
Liippo-Cramei’.^® The frequently expressed opinion that chemical 
fog js due to partial or to excessive chemical reduction of the 
silver halide by reducing products, formed during the hydi'olysis 
of gelatSi which occurs during ripening, ma^j be, and probably is, 
one possible cause but certainly does not cover more than a small 
proportion of all cases. For instance, the large granules or small 
clots of a badly-made (granular) emulsion are always rapidly 
reduced in development, even in a slow almost unripened emulsion, 
while the writer has experience of a bromochloride emulsion (boiling 
method) which was ppjne to black fog when ripened by standing 
for 5 minutes in boiling water, but which gave no fog if the boiling 
treatment was increased to 8 or 9 minutes. There seems to be 
much to support the idea that electrically neutral particle^ of silver 
halide are instantly reducible by a photographic developer whether 
embedded in a colloid vehicle or not. There are so many known 
ways of inducing chemical fog that it is now highly desirable ‘to 
submit them to a thorough study in the hope that their ultimate 
causes may be reduced to a few and based on fundamental principles. 

t 

Photomechanical Peocesses. 

In this direction no striking new development appears to have 
taken place apart from the “ Photosculpture ” process due to 
H. M. Edmunds already referred to, which, properly speaking, 
falls under thfis heading. *. ' 

The year has been chiefly notable for the many attempts that 
have been made by lithographic firms to apply the three-colour 
process to lithography. The chief difiiculty encountered has been 
the necessary retouching, which cannot be so readily carried out on 
lithographic zinc plates as it can on half-tone blocks. One ’method 
,of overcoming this difiiculty has been provisioiially profected by 
A. E. Bawtree. It consists of applying to each patch of colour 
in the "original a piece of suitably-coloured cellophane ; this alters 
the colours of the original by an amount which corrects the change 
in reproduction, so that the colours as reproduced should be correct. 

The old idea of irrpressing a grain, regular or* irregular, upon 
a’coUotype plate instead using the natural reticulation of the 
film, has been revived by A. E. Trist, who is using for‘'this purpose 
a regular screen with fine lines. So far as this work hah gone, it 
indicates that there is a possibility of obtaining coltotype plates 
; . • * * ' 
Luppo-Gramer, Die Phot., 1921, No. 3, 1. 
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that are easily 'inked, aricJ will give longer runs in the printing^ 
machines. 

A fecent paper by K.'M. Cartwright^’ on the rendering of tone 
values by rotary photogravure is a welcome indication that modem 
methods of dealing with tone reproduciiion problems are be4ftg applied , 
to photomechanical processes. 8uch studies will surely ^lead to 
improvements in technique based on accurate knowledge in a ^eld 
where, hitherto, empiricism has reigned supreme. 

Radiography. 

The formation^® of The Society of Radiographers, designed to 
include all qualified non- medical nssistants who are engaged in the 
practical application of X-rays under the direction of Medical 
Officers, is a noteworthy step. It is to be expected that one useful 
result of this new departure will be an sJl-round improvement 
in the conditions under which such assistants have to work and a 
higher percentage of first-class skiagrams. 

In some X-ray departpients, even in quite important institutions, 
there has been only a very scanty appreciation of the importance 
of a thorough acquaintance with photographic technique, and the 
advantages of well-equipped darkrooms. 

An interesting novelty in X-ray-sensitive materials due to 
L. A. Levy, A. L, Landau, and T.T. Baker has been put on the 
market. It consists of a silver gclatino-bromide plate having a 
hardened emulsion, film upAj which is coated another and a readily- 
soluble gelatin layer carrying fluorescent calcium tungstate. After 
exposure, stated to range from one-fifth to one thirty-fifth of 
that required for ordinary X-ray plates according to the hardness 
of the radiatioi/ ^^mployed, the upper film is w^ashed a^vay in hot 
water and the lover film of hardened emulsion is developed. Any 
such method, involving the coating and subsequent removal o^a 
fluorescent layer in intimate contact with the sensitive emulsion, 
necessarily has drawbacks and it is to be hoped that some water- 
soluble highly-fluorescent substance which can be incorporated 
harmlessly with the emulsion will ultimately be found, though a' 
laltge amcfhnt of investigation has, so far, failed to disclose one 
which is both highly active and not injurious either to the sensitive- 
ness or the stability of the silver halides. 

IJ has been found imisafe to produce X-ray motion pictures by 
photographing a fluorescent screen image with the aid of a kinema 
camera, the radiation ncaessary bein^so intense as to endanger 
the patient. 

H. M. Cartwright, Phot. J., 1921, 61, 428.* 

J. RhnU Soc„ 1921, 17, 22. ' 

** L. A. Levy and li. Landau, E.P. 163,903. L. Levy, D. W. West, 
T. P. Baker, J.^ont. Soc„ 1921, l7, 65, 104 ; Phot. J, 1921, 61, 168. 

Eastman Kodak Res. Lab. Report No, 1130. 
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A valuable contribution to the techthque of radiography is a 
paper by R. B. Wilscy®^ on the*^intensity^ of scj^ttefed X-rays in 
radiography, in which he shows what a small proportion of the ^-otal 
radiation reaching the plate consists of useful image-forming rays 
, when .thiciv subjects are being radiographeU or large diaphragms 
used. , 

The same investigator has employed homogeneous X-rays to 
determiive the structure of the crystal lattice in precipitated floecu- 
lent silver chloride, bromide,, and iodide, ahd shows that these 
apparently amorpirous precipitates are definitely crystalline in 
their ultimate structure and belong to the cubic system. He 
proposes to proceed to the examination of the crystalline grains 
of photographic emulsions by similar methods. The results will be 
awaited with great interest since such studies will pi’obably throw 
light on the question '6f the distribution of the iodine atoms in 
the crystals of a silver iodobromide emulsion. There has been a 
strong incilination to assume, without any sort of proof, that such 
crystals are homogeneous sohd solutions of the two halides, but 
some observations of the writer's on the coprecipitation of these 
salts seem to make this supposition doubtful (sec later). 

( 

Photooraphic Emulsions. 

Experimental work on emulsion making is but rarely published. 
The past year is exceptional in that a fewisuch papers have appeared 
giving the conclusions which have been drawn from the results, 
but in each case important experimental details arc, purposely 
omitted. P. Knoche*^ has unsuccessfully sought to gain some 
advantage by delaying the formation of the silver halide by substi- 
tuting brominsrted organic compounds for the usutd alkah bromides. 
C. A. ScMeussner and H. Beck^^ publish the results of an attempt 
toNilucidate the effect of varying the proportion of iodide in silver 
iodobromide emulsions. They find an optimum steepness of 
gradation and sensitiveness for a certain iodide percentage (which, 
^lowever, changes with the* conditions under which the ^mulsion 
is mixed) and a maximum X-ray sensitiveness in pur« bromide 
* emulsions ; other points are also discussed. 'Their division of 
such tmulsions into three classes is useful, but the assumption 
that emulSons formed by the addition of ^ilver solutions to the 
mixed halides leads to the formation of a double compound* of 
AgBr and Agl during the emulsification, and that this method 
‘therefore guarantees uniforVnity of compositicu of the precipitated 
grains, is in the writer’s^opinion not justifiable. It is^easy to show 

’ “ B. B. Wilsey, Amer. J. Roent., 1921, 8, 328. 

•** B.,B. Wilsey, Phil. Mag., 1921, 42, 262. i 
« P. Knoche, Fhot.,Rund., 1921, 67, 49.* 

64 n A and H. Beck, Z. wisB, Phot., 1921, SE 106. 
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that (in the presenet^ oi ammonia) the silver iodide (or a more^ 
insoluble iodide- b/omide*^ complex) is always precipitated before 
the bplk of the bromide, and there is apparently no reason therefore 
why the iodide shodld bo uniformly distributed in any crystal or 
why different grains should not vary c<)nsiderably in the ]^d-op(^ions 
of silver bromide to iodide composing them in the early stages of 
ripening and vcTy possibly even in the finished o riuLsion. • 

W. T. Wilkinson"*-* has recently advocated the use of a fixture 
of bromid(‘ and chlorfdc^ instead of the usual iodising solution in 
the wet collodion process, which still occupies* a sti*ong position 
in line and half-tone woik. 

There have been several important ])a]>ejs and discussions 
concerning tlu^ ivlation betw(‘en sensitiveness and grain size of 
silver halide ('rnulsions. Mees"'® has aband(»ned his earlier assump- 
tion of {I direct connexion between grain .^ize and si-nsitivcncss, 
a conclusion shown to be ine\itable by the work of 8vedberg 
(mentioned in last year's report, since published in English^’ with 
interesting extensions t» the action of a- and /3-particles) and 
confirmed in some emulsion-making (5X})eriments by thi^ writer^® 
and by A. V. K. Trivcdli and S. E. >Sheppar(l."“' Svedberg’s 
woflv has been reei^ntly extended by E. C. Toy,®® who 
showed that (‘ven grains of kh'ntical area, shape, arftl thickness 
may vary greatly in sensitivity. J. Brooksbank®* has shown 
that in the rate and ^legree of visible darkening of the 
grains in light there* is a similar want of relation to size and 
shaj)e. We are therefore compelled to tassume differences in the 
molecular construction and/or the chemical composition of the 
crystals to be the prime factors determining the sensitivity of the 
individual g^fiin?./ hough it must still be admitted ^hat to attain 
a giv^n sensitive! less it seems from practical experience necessary 
that a certain minimum average size of grain should be eftcceedod. 

Practically nothing is known at present except in a purely 
empirical fashion about the effects of the conditions of precipitation 
on the grain size of silver halide emulsions. A few experiments 
bearing the subject arc to be found in Triv^lli and Sheppard’s 
monograph already* mentioned, but inasmuch as the results have a 
considerable comnJercial value it is unlikely that any de|ailed 
studies will be published by those engaged in the indus^.y. 

Royal Photographic Society Meeting, No”. 8, 1921. 

C. E. K. Me«, J. FranlcUn Inst., 1921, 191, 631. 

” T. Svedberg and H. AndOTSson, Phot. J.f 1921, Jl, 325 ; J., 1921, 638a, 

F. F. Renwick, Phot. J., 1921, 61, 333 ; J., 1921, 638a. 

Monograph, “ 'JJn^'Silver Bromide Grain of Photographic Emulsions,’ 
by A. P. H. I'rivelli and S. E. Sheppard, p. 104. E. Sheppard and A. P. H. 
Trivelli, Phot. j\ 1921, 61^ 400. • 

•» F. C. To^, Phot. J., 1921, *61, 417. 

« J. Brooksbank, Phot. J., 1921, 61, 421. 
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Recent papers by von Weimarn, S.Odfen, and others/" are, how- 
ever, sufficient to show the extreme difficulty of such researches 
even in such relatively simple cases as barkim sulphate precipitates. 
Svedberg’s recently published little book on “ The Formation of 
Colloids ’’Contains a brief account of some' of their results and a 
valuable bibliography. The fullest development of the art of 
emulsion making is Iffiely to depend on the results of such studies, 
and thei;gfore men'^of the highest scientific qualifications will un- 
doubtedly be required in the industry in cbnsiderable numbers, 
and will need very^ well-equipped laboratories. 

An interesting mathematical study by L. Silberstein®® demon- 
strates how, as a consequence of the drying of the gelatin film, 
the great majority of the silver bromide grains in a dry plate lie 
approximately parallel to the surface. 

o 

Reactions of Photogeaphtc Images. 

A. Steigmann^® during the past two years has investigated the 
appheability of the hydrosulphites to various photographic purposes 
(developing, silver recovery, etc.) but finds them of no great value 
in most cases, though convenient for recovering the silver from 
old fixing baths and incidentally regenerating them. 

The process of photographic reduction by means of persulphates 
has received a large amount of attention.^ Lumiere and Seyewetz®® 
reaffirm their view that the selective action of these r(‘.agent8 on the 
denser parts of the developed image is due to the tendency to 
reversal of the initial solvent action when the silver sulphate 
first formed is in presence of excess of persulphate, photographic 
reduction (silver removal) being thereby confined to the deeper 
layers of the film. They do not accept Sheppard’s view chat 
the. irregularities met with are attributable to variations in iron 
content and state, that for regular action a definite free acid content 
of is alone necessary unless chlorides, which are particularly 
^potent in modifying the action, are present. A valuable historical 
summary of previous work on persulphate reduction has been 
-published by G. I. Higson, with a very full biblio'graphy.®® Lastly, 
a valuable series of new experiments on the subject and a detailed 

®® S. Od^n, Arkiv for Kemi^ 1920, 7, No. 26, 1-^3. For other papers on 
size of particles see S. Od^n, Proc. Roy, Soc. Edin.j 1915-16, 86, 220 ; hull, 
Qeol. Upaala, 18, 16, 125; and other papers. Also H. Green, J. FrankUn 
1921, 192, 637. ' * 

L. Silberstein, J. Opt. Soc. Amer., 1921, 6, 171, 363 ; J., 1921, 340a, 
791a. ^ 

- " ®® A. Steigmann, XolW-Zeite., 1920, 27, 249; 28, 29, 176; J„ 1921, 

164i, 326 a. Phot, Ind,, 1921, 379. 

, ®® A: and L. Lihniere and A. Seyewetz, Brit. J, Phot.^ 1021, 68, 124.* 

. G. I. Higson, Phot. J., 1921, 61, 237. 
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discussion *of iJlieir probiijl^ explanation which has just appeared 
in a pgbper Ijy S. E. Sheppard,®’ confirms Lumiere and Seyewetf’ 
observations on^he importance of the acidity of the solution, and 
sets* the whole matter in a somewhat clearer light. 

A useful paper by B. A. Jones and C. E. Fawkes®® d^fhls^anti-^ 
tatively with the effects of ten different photographic rMucing 
agents upon developed images on paper. ^ 

The high degree of permanence attaching to sulpl^e-toned 
silver images and th^beauty of som^ of the brown tones so obtained 
has attracted several workers to the study •of sulphide toning 
processes and, as a natural extension, to the working out of methods 
of toning with selenium and tellurium. 

Lumiere®® claims the use of thiophosphates as sulphiding agents, 
having the merit of being odourless. The theory of sulphide 
toning in the hyi)o-alum bath is partly elTicidated in a paper by 
H. Freundlich and A. Nathansohn,’® and in a recent paper before 
the Royal Photographic Society by S. 0. Rawling,’' not yet pub- 
lished, the former showing that colloidal sulphur is able to combine 
directly with colloidal silver, and the latter that at a moderately 
elevated temperature the same reaction can take place with the 
si^er of a developed print. 

A detailed study of the effects of varying the ‘compositions 
of the bleaching and sulphiding baths a-nd other details of 
manipulation has been published by E. R. Bullock.’^ 

Namias’" has publishea several new formulae for toning with 
selenium and a number of patents for selenium and tellurium toning 
baths hav^ been taken out by German firms.’® H. Franke’® has 
patented a ])rocesR of intensification by means of selenium. 

A new-^ pi inu^jg process has been patented by^ the Badische 
Anifin u. Soda h’abrik.’® When benzidine or other diamine com- 
pound is precipitated with an acid dye (e.gr., Eosin, Cydnanthiol, 
Neptune Green, or Quinoline Yellow S) an insoluble compound is 
formed which in the presence of manganese nitrate or other suitable 

S«E. Sheppard, Phot. J., 1921, 61 , 450. 

• ®® L. •A. Jones and C. E. Fawkes, J. Franklin Inst., 1921, 191 , 603 

J., 1921, 370a. ; 

• A. Lumiere, F.P. 507,332. • 

H. Freundlich and A. Nathansohn, KoUoid-Zeits,, 1921, 16. 

• S. O. Bawling, Ro^al Photographic Society Meeting* Nov. 8, 1921. 

• 72 E. B. BuUock, Bnt. J. Phot, 1921, 447 ; J., 1921, 639a. 

7® B. Namias,*/! Prog. Fok, 1921, 28 , 14^ • ^ 

7® Chem. Fabr. aul Aktioii (vorm. E. Schering), G.P. 335,627 ; J., 192!, 
662a. Kraft ujid Steudel, G.P. 334,172 and 33’i820 ; J., 1921, 413a, 639a. 
Mimosa A.-Q., G.P. 3ff7,*869 ; J., 1921, 639a. ^.P. 169,378. 

75 H. Franke, G.P. 333^094 ; J., 1921, 371a. 

,76 Badische Anilin *ft. Soe'e Fabrik, G.P. 337,173i; J„ 1921, 639a, 
See also J, M.’fider, Brit, J, Phot.^ 1921, 68 . 668, 
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oxidising agent bleaches in the light?* ^^ccording^to the base and 
the acid dye selected, prints of a Jarge variety of colours are obtain- 
able having good gradation and vigour. ^ Fixing is done in borax 
01 ’ sodium phosphate. Pure whites have not yet been obtained 
and pi’inting is very slow, but the process ai)pears to be worth 
further study. 

^ MiSCEIJjAWEOITS. 

* 

An iifoeresting pa])CT by J. Rheinberg” djaws attention to the 
change in permeabdity to alcdhol of certain colloid films containing 
ferric; ammonium citrate after this salt has been reduced by exposure 
to light. This phenomenon is the basis of his patents relating to 
a multicolour screen suitable for colour photography (vide J., 
1913, UK) ; 1914, 513, 637). It is to be expected that a variety 
of useful applications /'ould be found for this remarkable property 
of such exposed films. 

A new ty})e of elc;ctric lam]), “ Osglim,'* is being put on the 
market by the General Electric Co., having interesting possibilities 
for dark-room illumination. The light emitted arises* from an 
electric discharge between electrodes in a bulb filled with neon, 
or neon and mercury vapour. Although the candle-power per 
watt is very^ low, recent experiments in the laboratories of Ilford, 
Ltd. have shown that with suitable safelight screens they are 
more efficient for darkroom illumination than ordinary metal 
filament lamps, besides having a long’ life and generating very 
little heat, the consumption being only 5 watts per lamp. 

Theory. 

A number ^of papers of a mathematical nature dealing with 
the various characteristics of silver bromide emulsions has appeared, 
lit view V)f the number and complexity of the factors involved, it 
is unlikely that a mathematical solution embracing all such emul- 
sions will prove possible, so that while a thorough study of all 
d these factors and their inter-relations is highly desirable and is 
indirectly valuable both to the manufacturer and to those who 
’ use dry plates for quantitative work, it would ,not repay users to 
deterpiine the ‘ constants ’ in the very complex equations suggested 
for the ^oiiaracteristic curve by Ross, Helmick, or Slade and 
Higson.’* ^ ' (. 

The Hurter and Driffield method of determining the “inertia” 

.. of a plate is well krlown to give results of ap unreliable character 

J. Rheinberg, Phot,. 7., 1921, 61, 120; J., 1921, 239a, 603a. 

- F. E. Ross, Aatrophys J., 1920, 201 ; J. Brit A. *r. 1920,81,25; 

J. Opt Soc. Amer., 1920, 4, 256 ; J., 1921, 323a. P. S. Helipick, Phys. i?6v., 
1921, 1?; 1:35; J.,J921, 239a. R. E.'Sla<ie ahffi.G. I. Hiffjon, Proc, Roy. 
Soc., 1920, A 98 , 1.64 ; tf., 1921, 27a. 
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if used alorie aw’ii iiriterioii ,of> sensitiveness, because of the consider- 
able variatiojis among commercial plates in the relative lengths 
of the lower and the middle, approximately straight, parts of the 
characteristic curve and the uncertainties arising from variations 
in the amount of chciiical fog in different plates and fpe ^if^crent 
times of development. Moreover, ' in all photometric work in' 
which light intensities are to bo deduced from their effectis on 
photographic^ emulsions, the grt;atest care has to be exercised 
to avoid numerous possible sources of error even when Adopting 
the apparently simple method of comparing the unknown with 
a series of known values recorded on the same plate or film, so 
that to rely on values deduced from a formula would be practically 
useless. 

[n two important papers G. 1. Higson’^ makes an ambitious 
attempt to reconstruct the Hurter and J^rifiield characteristic 
curve by reasoning based on 81ade and Higson's paper on the 
photochemical law of the silver halide grain published last year. 
While the mathematic£^ reasoning in these papers has met with 
severe criticism"® and is based on assumptions difficult in some 
cases to justify, it is important to note that Slade and Higson's 
experimental work, showing that under ordinary conditions of 
exposure (for times over about ,J„-sec. and with white light) and 
with most plates on the market, the density is proportional to the 
square of the exposure in the under-exposure region” has been 
confirmed by F. C. Toy.^’^ 

The experimental section of Higson’s second paper merits careful 
attention from all workers in sensitometry, and lends considerable 
support to the mathematical introduction. 

Methods t>f ^ j. itometry, based on the properties of neutral 
optical wedges, <ire rapidly coming into general use, both in this 
country and on the Continent. In connexion with them a |)aper by 
G. T. Higson is a useful addition to the literature of the subject."^ 

A new and rapid method of determining absolute reflection 
coefficients as the result of two observations only has been worked 
oyt by \ H. Taylor*-* and independently by C. H. Sharp and 
W. F. Little,*^ while the former has devised for the purpose a ’ 
very ingenious portable instrument which should prove a valuable 
addition to the equipment of any laboratory concerned tvith the 
photometry of paper or other reflecting surface^ prints, etc. 

G. I. Higson! Phot. J., mi, 61. 35, 144 ; J., 4921, 99a, 239a. 

L. Silberstein an3 S. E. Sheppard, Phot. J., 1921, 61, 205, 206, 252 i 
J., 1921, 324a. , * 

« G. I. Jligson, irntJ., 1921, 61, 93 ; J., ^21, 163a. 

“ A. H. Taylor, Bull. Bur. Stand., 1920, 16, 421, and Scient. Paper No. 
391 ; BuU. BurmStand., 192(J, 17# 1 ; ^Soient. Paper No. 4Q^. 

C. H. Sliarp and W. F. Little, Tram,' III, Enf, #S'oc„ 4r»cr., 1920, 802, 
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Several suggestions to employ seK-lji/jainous ritfs.tul’es of radio- 
active and fluorescent substances as a rough standard of light 
have been made ; (a) for the preparation of senslcometric tablets,** 
(6) as the comparison source in an actinometer.*® 

PHOTOCHEMIS-imY OF SILVER SaLTS. 

Two 'papers have appeared dealing quantitatively with the photo- 
chemical decomposition of silver bromide in strong illumination. 
In the ^iirst, by W. Ehlers and P. P. Koch,*« finely-divided dry 
silver bromide particles were ’“weighed” in an Ehrenhaft-Millikan 
condenser and found to show a slight gain in an oxygen-containing 
atmosphere and a loss (reaching 10% for the smallest particles) 
in an atmosphere of nitrogen when exposed to a strong light. 
It is deduced from calculations based on these results, obtained 
under very different co^^ditions, that in the photochemical decompo- 
sition of highly sensitive silver bromide by weak light a loss of 
weight occurs corresponding to approximately 1 Br atom per 
particle of AgBr. The second paper, by R. Schwarz and 
H. Stock,®’ deals with the rate of elimination of bromint* from wet 
precipitated silver bromide when exposed to daylight in three 
different states of aggregation, obtained by adding excess pf a 
potassium Jiromide solution to an acid silver nitrate solution, and 
from a fourth variety obtained when excess of silver nitrate was 
employed. Considerable variations in sensitiveness were observed 
between the different specimens. 'The curves connecting the 
average rates of loss of bromine per hour with the logarithms of 
the average light intensities during exposure are said to be similar 
in type to the characteristic curves of photographic emulsions. 
Beyond a certain average intensity of illumination a sharp fall in 
the average fate of loss of bromine was observed:, and conseq^iently 
it is asserted that solarisation is accompanied by a diminution in 
the rate of its elimination. In vieiV, however, of the difficulties 
invariably found in making a number of separate preparations of 
similar sensitiveness on a small scale, the results are of doubtful 
trustworthiness while, in any case, the above curves do not show the 
course of the reaction during its progress for any given preparation 
and for a given light intensity as does the characteristic curve 
of a* pl^e. 

Further studies of the effects of colomyid lights on the photo- 
chlorides of silver by F. Weigert ®* emphasise once again the ma^^al- 

** E. Huae, Eastil^um Kodak Res. Lab. Rep. N(^ 11(J2. 

C. C. Howenstine, XJ.S.P. 1,361,999. F. J. Hargreaves, F.P. 519,081. 

W. Ehlers and P.<P. Koch, Z. f. Phyaik^ 1920, 169 ; J.C.S. Abat, 
1921, m 289. « ' 

. ” R. Schwarz and H. Stock, Ber.^ 1921, 6^, 2111 ; J.,*1920, 791a. 

.Weigert, Ann, d. Physik, 1920, *88, 68V; Kol^tqi^Seits., 191U, 28» 

116, 153, 
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ling action of re^jnentatioftiwMch light waves exert on ultramicro- 
scopic payticleSo while a new method of preparing silver sols .having 
particles of known dime2^ions wnich has been worked out by 
K. Sclfaum and H. Lang®* is a valuable contribution to the question 
of the relations between colour and size of particle in such complexes, 
a subject which is discussed by F. Formstecher*® in its* bearings on 
chlorocitrate print-out processes. ’ o 

It is being urged by some prominent scientific’ workers that all 
chemical reactions and ^changes of state are initiated by radiation.*^ 
Confining ourselves to generally acknowledgdl photochemical 
changes, however, it certainly seems necessary in all cases to 
assume that the absorption of light energy leads to a liberation 
of latent valencies (electrons), or some activation of the molecule, 
as the initial step in the process, the succeeding stages depending 
chiefly on the nature of the neighbouring molecules. *- 
The writer’s suggested modification of the silver germ theory 
of the latent photographic image has been criticised by Liippo- 
Cramer*® apd S. E. Sheppard,** who are both of the opinion that 
the suggested photoelectric discharge of negative electrons from 
colloidal silver held in solid solution in silver bromide (resulting 
in electrically neutral silver gel particles) is improbable. In this 
connexion it is of interest to note H. P. Stevens’ obsctvations*® 
on the rapid (and reversible) change of certain rubber sols into 
gels on exposure to light, while to the writer it seems inconsistent 
of Luppo-Cramer®* to attribute the fogging action of certain basic 
dyes and neutral salts to the neutralisation of the negative electric 
charges on the silver amicrons supposed to be formed in the ripening 
process and yet to deny the possibility of light bringing about the 
developable condition by the removal of these electri^ charges, 
f M. Yolmer*’ agT./;ims that by the action of light a change in the 
silver bromide giains arises at individual points, resulting im 
diflerently attached silver atoms, while Sheppard, and Trivelli*® 
suggest that “ some degree of migration and oriented concentration 
of the silver cations will occur in the silver halide crystal lattice 
which wifi favour the essential photochemical change, i.e., 

K. Schaum and Lang, Kolloid^Zeits., 1921, 28, 243 ; J., 1921, 561a. 

F. Forrastecher, Phot. Ind.^ 1921, 439, 455, 690. ® 

Faraday Society, Discussion on Chemical Change and Lsitalysis, 
Sept. 18, 1921 ; J., 1921, 33 Vr. See also Brit. Assoc. A^dreffl, Prof. 0. W. 
Bich^dson, Nature^ 1921, Nov. 17, 372. 

®a P. R. Kogel, Aot. ^orr., >920, 67, 308 ; 4921, 66. 

Luppo-Cramer, Phot, Korr., 1920, 67, 259, 286. 

®* S. E. Sheppard, Brit^ J. Phot., 1921, 68, 4. 

H. P. Stevens, J’'!?? i921, 187 t. 

Lilppo-Cramer, Die Pljpt., 1921^ No. 9 ; see also ** Kolloidchemie u. 
Photog;raphie,” 2nd ed., p. fl38. • o 

^ M. Volmeit Z. wiaa. Phot.y 1921, 20, 189 ; 4., 1921, 23dA. 
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Br'.Ag-— >Br + Ag ; in words, the pa^jsiage of {lf^''*olct^tron from a 
bromine ion of the lattice to a silver ion ” ; they promise to 
discuss the energy relations later. The. crux cVx' the problem lies 
in the deficiency of energy for the eflccts pi’oduced, and in this 
respe 9 t ifj is on all fcfiirs wdth the difficulties discussed by Prof. 
0. ^7* Richardson®^ in his‘ recent Presidential Address to the 
British- Association. 

Theory or Development. 

In March, 102(1^ the wnriter*® called attention to the catalytic 
nature of the process of chemical development and pointed out the 
possibility that the effect of a reagent w'hich apparently “ destroyed ” 
the latent image might in some cases be due to ‘ poisoning of the 
catalyst formed by light instead of its removal by solution or 
transformation into {f'new chemical compound. 

The catalytic character of the developmcait procjess forms the 
theme of the paper by M. Volmer®’ citeil above. He emphasises 
the difficulty of accepting the older idea iHiderlying the silver germ 
theory of the latent image, according to which there was no essential 
difference between chemical and physical dcveloi)ment except in 
the origin of the deposited silver, the original nucleus in either tjase 
growing by accretion as the silver gets thrown out from a super- 
saturated solution. 

On the catalysis theory of chemical development, however, the 
silver bromide grains are rapidly reduced m situ as a result of 
contact catalysis, the processes of solution, reduction to silver, 
and its deposition being accomplished without bringmg into play 
the transportation of supersaturated silver solutions outside the 
ambit of the individual grain. A paper by A. Steigmann®® also 
clearly brings out the distinctions between tlie two inoefes of 
dfQveloptng a latent image. 

Sheppard an(J Meyer^®® have previously advanced the opinion 
that reduction of the silver bromide grain is preceded by adsorption 
I of the reducing agent and takes place in the breakdown of this 
adsorption complex, the process being accelerated or initiated by 
the latent image as silver nucleus. In the pap^r already cited this 
is ang3lified. 

In thv^ght of the accelerating effects already referred to (of 
phenosafraninc} on quinol developers and* the mere dilutioji of 
some other developers) it is clear that differences in the initial rate 
of attack, bn which'* the old arbitrary distinction between ‘‘slow'’ 
and ‘‘rapid” developers was chiefly based, are a very uncertain 
index of the relative energies of different agf'Qts. While we must 

®« F. F. Renwick, J., 1920, 156t. 

A.,' Steigmann, Phot. Ind., 1921, 55 
i®® S. E. Sheppard^’and G. Meyer, Phot. J., 1920, 60 , 12. <' 
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KJompjexes 


The heats of^cftnbustion of >numerouB aromatic 
determined in the Re^ear'-h Department by W. E. Gai^P^sed 
C. L. Abemefiiy,Vnd have now been published.^ Thesejofy^oi- 
differ inaterially from the heats of detonation beoa^'^^id®®® 
is complete. From* the heats of combustion the heats oi‘:^maV- 


from the elements are cdculated. 


Sensitiveness. 

The determination of this property with accuracy is ^iJUfieEded 
with great difficulties, as it is affected by thl nature of the surfaces 
betweeh which it is tested and the physical condition of the eftplosive 
itself. The falling weight apparatus is the only one which gives 
results which can be expressed readily in figures, but here the further 
difficulty comes in of deciding whethtr in any experiment the 
explosive has exploded. Tiiis has been overcome by an ingenious 
device of Rotter’s, whereby the small quantity of explosive under 
test is in an air-tigbj space and the quantity oi gas evolved can 
therefore be measured. The degree of insen^itivciiess is measured 
by the ‘blow that is required to decompose ihalf pf the. %plosive. 
To avoid the uncertainty due to the surfaces thbjnare stS^rdl&ed 
each time by testing a standard explosive, such -a.a ^uiipcrtvder, 
picric acid, or fulminate. The following are some of the “ figures 
of insensitiveness ” Mercury fulminate, 10 ; nitroglycerinV 13 ; 
dry guncotton, 23 ; tetryl, 70 ; tetranitroaniline, 86 ; picric acid 
(standard), 100; trinitrotofuene, 115; amatol, 80/20, 120. 

Falling weight determinations have also been carried out by 
C. F. Van Duin and B. C. R. vanLennep on a considerable number 
of speciallj' pi i pared nitro-compounc^s to ascertain the effectsr 
of constitution and substitutions on the sensitiveness, They find 
that compounds containing two nitro-groups in the MAo-positionj 
to one another are always somewhat sensitive in consequenoe of th^ 
mobility of the nitro-group. Consequently tetra.riit’’^\l£LLi£.tna, 
derivatives are always much more sensitive than lrini\)ro, but the 
presence of amino-groups increases the stability, whereas a methyl 
nitroamiiio-group renders it more sensitive. Thus tetranitro- 
aniline is Slightly less sensitive than trinitrophenylmethylnitro- 
amino and te^anitro-m-phenylenediamine is much more insensitive. 
^"pyher is a function of the heat of detonation and4ihe vdiume^ 
of gas evolved. The ^French calculate the force ’4 the; 
•volume of the gases at the temperature of explcjbion, but tlS latter 
can only be arrived at by making assumption^ as to the specif 
heats of the gases, and there is great uncertainty^ as to these at th# 
high temperatures involved. It is m^ured direotly either by tbe 
ballistic pendulum o^^the Trauzl lea<l block test, knore usually 

“ Proc. «o». 8o^, im* A 99. 218 ; 1921, 690a. [ , 

Stc. Trav. Chim., 1920, P' 16 j J 19 JJ), e7l>. 
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Br'.Ag*7ough here again there is a diS'^-ulty in obtaining consistent 
bromide, results. The test has been'^e-examiijed by H. Kast, 
disc^iifipms that the volume of the enlargement is practically 
in deii^f density of the explosite, but the lead should be 
r^' ardisecl by firing a standara explosive Li 'it, and the results 
^uld be Corrected for the temperature" of the experiment, as 
ollowsn -+-iO"C., cDirection -{-10%; 0°C., correction -|-5% ; 
+5° C. ' correction -{-3*5% ; +10° C., correction +2*0% ; +15° C., 
correetie*' 0%; +20° C., oorrvvCtion -^2%. ' 

Violence. 

Another factor which greatly influences the effects produq^d 
by explosives both for military and civil purposes is the rate of 
detonation. The Adolence can be measured directly by the crushing 
effect on small copj er cylinders, a method which has been developed 
by H. Kast,^^ who gives a number of determinations made by this 
and other tests. The cartridge of explosive is unconfined and 
should be not less than 7 cm. long. The amount of ciushing of 
the copy^^^is the/ independent of the length of the cartridge and 
is app^'i^ +iately proportional to the product of the power of the 
explosjive, iSs density and its velocity of detonation. He gives ihe 
following results : — 




Vely. of 


AVP 

Criwh* 

Explosive. 

Density 

detn. 

Trauzl 

ing 


(A) 

m/sec. (V). 

c.c. (P). 

lO'^ 

test. 

Blasting gelatin . . 

1-63 

. . 7800 . . 

490 .. 

6-2 

.. 4-8 

Nitroglycerin 

1-60 

. . 7450 . . 

485 . . 

6-? 

. . 4*6 

^etryl 

1-63 

. . 7200 . . 

330 .. 

3-9 

.. 4-2 

Hexanitrodiphenylamine . . 

1-64 

, . 7100 . . 

300 . . 

3-5 

. . 4-1 

'Trinitrobenzene . . 

1-63 

. . 7000 . . 

310 . . 

3-5 

. . 4-1 

J^cric acjd . . 

1-69 

. . 7100 . . 

290 .. 

3-5 

.. 4-1 

Trinitrochlorobenzene 

1-74 

. . 7100 . . 

290 .. 

3-6 

.. 4*1 

GoJigTiit.e . 

1-66 

. . 6100 . . 

365 . . 

3-7 

. . 3-9 


1-59 

. . 6660 . . 

285 .. 

3*0 

.. 3-6 

Trinitrotoluene 

1-69 

. . 6700 . . 

280 .. 

3-0 

.. 36 

Tdnitrocresol 

D62 

. . 6850 . . 

270 .. 

30 

.. 3-5 

^ Dynamite Ni. 1 . . 

1-50 

. . 6650 . . 

300 .. 

30 

.. 31 

jOtmeotton (dry) . . 

1-30 

. . 6300 . . 

340 . . 

2-8 

^ . 3-0 ^ 

'Amatol 40/60 

1-66 

. . 5330 . . 

330 .. 

irPf* 

.. 2-9 

Bmitroben^ne 

1-60 

. . 6100 . . 

245 .. 

2-2 

.. 2*9 

T aanmmial 

1-60 

. . 6400 . . 

410 .. 

3-6 

•• 


1-28 

1-3 

. . 6800 . . 

. , 4000 . . 

276 . . 

400 .. 

24 

21 

.. 

. . 2-3 

1-3 

. . 4000 . . 

'360 .. 

1-9 

... 2-0 


1*3 

. . 3000 . . 

250 .. 

10 

.. 14 
«■ 


V it should be borne in mind that 

and ammonal probably abn‘or- 
Ttaozl test because the lead is unduly 
0y<dv5c4«wid some of the more inseu- 
. wo S. E. 181 { im, 7Q6 m, 
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admit the forfaatkJii of moitegcasily reducible adsorption comi)lexes 
in the cases aboye mentioned, and in many other similar phenomena, 
some unpublished Experiments of the writer’s show that exposed 
plates bathed for 1 nynute in 1 : 1000 neutral solutions of Chrysoi- 
dino or Patent Blue are. developable only with extreme %lowness 
in most developers, thus demonstrating the possibility £)f *‘‘pow<Jn- 
ing” the catalytic activity of the latent image by the formaiion of 
an adsorption complex with the silver halide of (juite the opposite 
character. In these ca^es also the effect varies in degree with the 
. reducing agent employed and is sufficiently powi^rful with quinol 
and some substituted quinols to make development practically 
impossible. Removal of the dye by prolonged soaking in suitable 
baths (weak acetic acid for Chrysoidine and weak alkali for Patent 
Blue) restores the capacity for development. 

That the catalytic activity of the latent inmge may be poisoned 
similarty by mercuric chloride is suggested by A. St. to account 
for the “ destructive " action of this salt when intensification of 
the latent image might li|ve been expected. 

In connexion with catalytic reactions of this kind, it would be 
well worth while to investigate in a scientific and quantitative 
manner the well-known catalytic accelerating actions of traces of 
lead, bismuth, and mercury salts in the development of^oW-bath 
platinotype papen*, while the extraordinarily ])owerful poisoning 
action of tartar emetic on this development jeaction (writer’s 
observation, not i)reviously f'ublislied) is of considerable interest. 

E. C. 0. Baly and his co- workers’®^ have published two imjiortant 
photochemicai papers during the year, the first dealing with the 
mechanism of the combination of hydrogen and chlorine on illumina- 
tion, and the sofj^rmd with the photo-s^'iithesis of formaldehyde 
and ca»bohydfat(" ^‘iom carbon dioxide and water. Iil^the former 
paper strong arguments are adduced in favour of the view that^ 
the cause of the considerable deviation from a simple proportionaf 
relationship between the reaction velocity and the Tight intensity 
is due to the re-absorption by the reactant molecules (uncombined 
chlorine and hydrogen) of the energy radiated by the hydrogen 
chloride in process o^ formation, with the result that many more 
of the former become activated than would otherwise be the case. 
In tLis, and more fully in the second of the above mention^. papers, 
a new hypothesis to accijunt for photocatalysis (colour-sensitising) 
of a .photochemical reaction is suggested. According to Baly a 
photocatalyst must contain, the same elemen^ry atoms as the 
light-sensitive substance or must form a compound or complex 
with it, but although Jie^tates that the sensitisation of photographic 

A. St. Ind., 1921, 296. 

^®2 E. C. C. B^ily and W. ^firkSr, Chem, Soc. Trans.. 19^1, 119, 653. 
E. C, d Baly, I. M. Heilbron, and W. F. Barker, ifticL* 1921, 119, 1025. 

2 ^ 2 
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plates to red and yellow light can pLobf >bly be e'jf plamed on these 
^'lines he does not discuss the subject further. At present we have 
no real foundation on which to biiild up a theory al colour-sensitising 
for we do not know what factors are indispensable. Most workers 
believe that there must be some sort of union or adsorption between 
the'ilile arid the silver halide, “but it is evident that it may be a very 
loose cannexion since the considerable blue-sensitiveness conferred 
on silver chloride.iby Auramine is readily removed by washing 
out then dye with water only. Baly’s views on this subject are 
far too general in character to be of any assistance to photographic 
chemists at present in the search for efficient sensitisers. 

It has now become almost impossible for any one worker in 
photographic science to appreciate at their true value, or even 
to follow closely, the advances being continually made in the 
many fields of inquiry from which photography daily draws fresh 
inspiration, but if this report achieves its purpose, even in a minor 
degree, it cannot fail to indicate something of the diversity, difficulty, 
and fascination of the subject. 
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EXPLOSIVES. 


By A. MarsjlALL, 

Chemical Inspector, Army Ordnance Dept., Kirkee, India. 
American Explosives Law.^ 


Before the United States entered the war in 1917 the regulation 
of explosives was in the hands of the individual states except as 
regards inter-state commerce. The prevalence of bomb outrages 
by enemy agents and others then made it necessary to pass a 
uniform law for the whol6 country, and exercise far greater control. 
An Act was therefore adopted and approved on October 6, 1917, 
and^ like much war-time legislation, it was of a very drastic 
character, for it not only rendered it necessary to obtain %Jicence 
“ to have in possession or purchase, accept, receive^ sell, give, 
barter or otherwise dispose of or procure explosives,” but the 
same restrictions were extended to ingredients except when pur- 
chased or held in small quantities and not used or intended to be 
used in the^ manufacture of explosives. As practically any sub- 
stance under the sun could be used as an ingredient of an explosive ^ 
it was necessary ill the administration of the Act to restrict this 
part of it to px^’fy, n carriers. Even so a licence ha^^to be issued 
not only to every druggist and doctor, but also to every butcher 
who required saltpetre to salt his meat and to the menlbers sA 
many other professions and trades. 

Numerous licensing agents were appointed under the Act, and 
their inquiries revealed a most deplorable state of affairs. Great ^ 
stgres of *qj:plosives were found witliin the limits of cities and 
towns. In hundrecte of places explosives had been abandoned 
by»the owners without any protection whatsoever. Thousands of 
storage places were of such poor construction that {flip person 
could enter and obtain Explosives for criminal purpbses, and this 
had*been the usu^ practice of “ safe blowers ” and other criminals, 
in spite of the fact that djnamite could be bought as easily as^ 
cheese. 


Notwithstanfling tj>»»great improvemente Effected by the enforce- 
ment of this ^ct, itwas naturally unpopular on account of the 
interference with so naahy ordinary and innocept .occupations, 

» See BuU. 1*98 of U.S. Bureau of Mines, by 0. E? MunSee, 1921. 
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SO although the Act remains in forc6 ^until the ^bnited States are 
declared officially to be no longer at war/shortly after the armistice 
the activities of the inspectors were ^catly reduced by < putting 
off supplies of money. Licences were done a^'ay with for vendors, 
pijfQha^s, foremen, analysts, educators'', investors, and investi- 
gators, and*' are now required only for manufacturers, exporters, 
and importers. It is proposed, therefore, that a now law be enacted 
for the regulation of the manufacture, storage, sale and use of 
explosfves. , 

Gunpowder. 

Salipetre. 

Gunpowder is still used for many purposes in the manufacture 
of munition, such aa* filling the time rings of fuzes, pellets, and 
ignition charges, safety fuze and the opening charges of shrapnel 
shell, and consequently there was a greatly increased demand for 
potassium nitrate just at the time whe,n tlie principal supply of 
potash salts, the Stassfurt mines, was cut off from the Allies. 
Other sources were therefore developed, and especially the Indian 
saltpetre industry. The output in Bihar, which was formerly" the 
principal epat of the industry, did not increase very much, but in 
the United Provinces and the Punjab the production rose so much 
that in both these provinces it was larger than in Biliar. The 
methods of the Indian saltpetre woi^cers have been investigated 
both bacteriologically and chemically by C. M. Hutchinson, who 
finds that they are not irrational, although they might^ be improved 
m some respects, especially if the Indian 8alt Department did not 
interfere so much.-^ 

Attempts' were also made to develop supplies from Chile* and 
J^outh 'Africa,^ but these had not amounted to much when the 
war ceased. 

For ordinary blasting purposes the difficulty was overcome by 
using sodium nitrate instead of the potassium salt, and the sanction 
for this substitution is to be permanent in the United 'Kingdom.® 
In many factories structural alterations were necessary in conse- 
quence of the hygroscopic character of sodium nitrate. As J^is 
salt'^iscocnsiderably cheaper than saltpetre its use should check 
the diminution in the consumption of black blasting powder In 
America, where it' has always been used, the output does notUend 
to decrease. The f milling and othe^* processes of manufacture 
can also be shortened and cheapened. 

Bull 68, Agric. Res. J^nst., Pusa. 

J., 1920, 221r. 

‘ E-. G, Bryyit, J., 1921, 360t, 435m. ' 

’ Ann. Rept. of f^:M. Inspector of Ei^plosivea, 1914, 3. 
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N AltcfcELLTJLOSE . 

Cotton. 

Urifil recently pi;actica1ly the only variety of cotton used for 
the manufacture of guncotton for cordite and oth^r service 
explosives in England was cotton w^ste, and before; tl!e v^the 
waste that was supplied to the makers of the guncojjon was 
generally of poor quality in spite of the rigid gf)ecification thS.t it 
had to pass. The gpod spun waste was broken d 9 wn and 
re-spun for the manufacture of cotti9n blanket!^ etc., and much of 
it was exported to Germany and Belgium for this purpose. The 
material used for the manufacture of guncotton was therefore the 
sweepings of the cotton mills, which had to be submitted to a 
drastic ])urification process, causing a partial breaking down of 
the cellulose comjilcx. During the war tIio^averag(i quality of the 
cotton waste used appears to have been better, but at present, 
of course, the high-class waste is again being worked up into textile 
materials. The British Navy has now abandoned the use of cotton 
waste and has a(lo})ted instead “ sliver,” which is the purified fibre 
in the form of loose strips before it has been spun.® This must 
gi\^ a more stable nitrocotton. It is possible that the Army 
will adopt the same material. Sliver when examined Hinder the 
microscope by W. L. Balls' xantliogenate method ’ is s(ffn to consist 
almost entirely of well-matured fibres, whereas the “ fly,” which 
constitutes a large proposition of cotton waste, consists mostly of 
immature fibres, and the waste also contains much fibre damaged 
by the attack of bacteria or chemicals. 

American nitrocellulose powder is made from the short fibra 
cotton that ren^nins on the seed after the lint has been removed. 
Except in the of the high-class cottons, Egyjjtian and Sea 
Island, some l(»'/o of ‘‘ fuzz ” remains thus on the cotton vSeod. A 
further quantity of short fibre can bo removed by suitable ihechaniCal 
appliances and this is known as “ linters,” but there is still some 
more fuzz adhering to the hull, from which it can only be removed 
after decortication.® In order to free the hull fibre from particleg 
®f husk itii* necessary to subject it to a very drastic treatment with 
caustic soda undci* a pressure of lOO-llOlb. per sq. in., and their 
^ith bleaching powder. Husk residues can also be removgfi by a 
process of fermentation, but this must have an even^llrse effect 
01 / the cellulose. Bo^!h linters and hull fibrq, buT) especially the 
latter, are also liable to be injured by exposure to the weather before 
• • * 

® TirmSy Sept. 12, 1919. 

' Proc. Rdff. b 90, t)42 ; Ann. B^pls.y 1919, 114. 

8 E. dft Segnml^T Roif. Soc. Arts, 1919,^7, 184 ; J., 1918, 118t ; 1919, 
lSr)A. J. WaHacc, Paper, i919, 34; J., 1919, 569 a. E. C. Worden, “ Tech- 
nolDgy of CeUhloso Esters,” Bf21, Vol. 1., 579. O. Kibss and S. D. Wells, 
Pulp and Paper Mag., 1919, 697, 726 ; J., 1919, Sa^A. 
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they are removed from the seed, s(f yyxt the mjfiferi&ls cannot be 
considered as really suitable for making^ stable explosives, unless 
precautions be taken to prevent*such deterioratfon. 

In Germany and Austria the supply of cotton waste and linters 
began tp faij early in the war in consequence of the blockade. 
First/fchey fell back on cotton and linen rags and when the supplj' 
of the^. also became inadequate they adopted the use of wood 
cellulose, prelimm».ry experiments on which had been done before 
the war.® Thin tissue paper manufacturedr by the Ritter-Kellner 
modification of tbe sulphite' process is the most suitable. It is 
used in the form of fiakes 5-10 cm. across and of such a thickness 
that a square metre would weigh 18-22 g.^® 

Nitration. 

In England Thoms&n s displacement process is generally used, 
and it has also been adopted in France to a considerable extent, 
but in America a different method has been worked out by Du Fonts 
and a plant on this system was erected at Irvine in Scotland for 
the manufacture of the nitrocotton for the nitrocellulose powder. 
It was also used in Germany. The process is a development oHhe 
Ardeer direct dipping method but it has been possible to dispense 
with muchVf the hand labour by the adoption of short-fibre cotton, 
such as linters and hull fibre. The plant is erected in a building of 
4 floors, the top one being occupied b^ the motors, the one below 
by the nitrating tanks or dippers and measuring vessels for the 
acid, the ground floor by the centrifugals, and the basejnent by the 
drowning tanks. A unit consists of one measuring tank, four 
dippers, one centrifugal, and one drowning tank, and a standard 
nitrating house contains nine of these units. , The dipper^ is a 
cylindrical steel vessel about 30 in. in diameter and 48 in. deep 
with a Conical bottom, fitted with a cover, a double mechanical 
stirrer, and a vjooden fume shaft. The charge consists of 301b. 
of cotton and 1500 lb. of mixed acid, which are fed in simultaneously, 
the operation occupying 2 minutes. For soluble cotton the time 
of nitration is about 20 minutes and the stirrer is kept going tbe 
whole time. The charge is run through a 0-in. pipe into the 
centrifugal below, which is rotated slowly until the whole has beCil 
receivSdr^^en the speed is increased to 1150 r.p.m. and kept at that 
for about 5 minutes. The contents are th^ discharged by m^ns 
of forks through tHe bottom into the drowning tank, whence the 
nitrocellulose is carried by the water to the pump-house from which 
h is pumped to the boiling house. 

See Arm. Eepta., 1919, /38, 659 ; 1920, 538. 

For a Bpecification of the material aiwt other information Bee R. 
Schwarz, (haUrr^ Ct^. Zeit.t 1919, 60 ; 'J., 1919, €fC2A. ‘ t 

“ Wor^', “ ^echMogy of Cellulose Esters,’* 1921, Vol. 5., 1994-2001. 
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^m&lahilisation. 

The principal ^hject of boiling^ both the cellulose and ^he nitro- 
celln^se is to decorapbfee and remove unstable pro^JMJts. The 
stabilisation is als«f assisted by reducing the product to a pulp in a 
beater. A type of b*eater much ijsed in America i»*fch 9 . Jliller 
* duplex beating engine, which has two bed plates fittetf with 
stationary knives, one below and the other above th^ rotating 
knife roll.^^ Worden states that the addition of a minute amount 
of a nitrocellulose sdlvent, such as P-1% of acetone, to the water 
in the beater decreases materially the time of beating. The Jordan 
engine is also used to reduce still further the state of division of 
tjje pulp, and then it is sometimes forced through a screen and the 
particles that are retained are returned to the beater. K the 
pulping be excessive, however, it increases the solubility in ether- 
alcohol. * 

Drying. 

When the nitrocellulose is to be gelatinised by means of ether- 
alcohol tlie use of stoves for drying may be avoided by displacing 
the water with alcohol, and this method was used at Pembrey as 
alio at numerous Continental and American factories, but at 
Gretna it was dried in Quinan stoves. A drying on this 

principle contains a number of bays separated from each other by 
walls. In each is a shallow tinned iron pan in which a perforated 
diaphragm is supported »fn felt strips. On this is placed a piece 
of fabric on which about 33 lb. of wet nitrocotton is spread evenly 
and then a silk screen supported on a wooden frame is placed over 
it. Hot air at a temperature of about 65° C. is blown through f€r 
48 min., then cc/d air for 9 min., and the dry product is ready to be 
unloaded. The “ utire operation takes an hour and*the operatives 
pass up and down the building unloading and reloading, each ]jan 
in turn. The floor is kept wet. The consumption oi steaiA at 
about 100 lb. per sq. in. in the heaters was 2-433 lb. per lb. of dry 
nitrocotton produced, or, as the wet material contained about 
32% of«moisture, 6-6 lb. per lb. of water evaporated.^^ 

Viscosity. 

A considerable amount of work has been done on^b* viscosity 
oMhe colloidal sols of fiotton and nitrocotton, especially in E^land. 
l{ has long beeq recognised how important this property of viscosity 
is !n most of the industrlfes in which celluloSe or a derivative of ij; 
is used in conjunction with a solvent, but progress has been impeded 
by the diflffcultj^^ obtaining concqfdant results with cotton 
dissolved* ii^ cuprammonium solution or other solvent, and the 

• See E.tj. Worden, op, eft., pp. 2086-2090. 

“ H-M? Factory, Gretna, Description of Plaift and€*rocesses,” p. 138. 
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consequent doubt as to whether the •figures obtained really repre- 
•sented ^le nature of the colloid ^under exfimination# Preliminary 
experiments had been made in England in othex countries Jjefore 
the war, "but these had not led to any very definite conclusions. 
During thq war difficulties in obtaining unifcft'm results in the manu-^ 
factlSrc of cordite R.D.B. anif the need for economy in the use of* 
solventsfled to fresh investigations by a considerable staff of chemists 
in tile Research Department, Woolwich Arsenal, and the Depart- 
ment of Explosives vSupply of the Ministry of»Mumtions, and deter- 
minations of viscosities became part of the routine in the mills 
where the cotton was prepared. Many of the results of these 
researches have now been published. W. R. (Gibson and L. M. 
Jacobs describe the falling sphere viscosimeter that is used,^^ and 
for the examination of solutions of nitrocotton, and (hbson gives 
the dimensions of thef narrower tube that is employed for the 
deeply coloured solutions of cotton in cuprammonium.^® In this 
they arrived at a different conclusion to E. F. Higgins and E. C. 
Pitman in America, who preferred the Siprmer rotating disc \ds- 
cosimeter on the ground that it is available over a greater range of 
viscosities.^® L. Spencer and R. McCall give the special precautions 
that are recommended to ensure concordant results, but do Aot 
describcf^h«>,/atest method for the preparation of the .solution. The 
liquid must contain definite proportions of copper and ammonia 
and the solution of the cotton must be protected from light and air, 
both of which rapidly reduce the viscosity. 

The results obtained by the application of these methods are 
discussed at some length by R. A. Punter, but they Jnight wdth 
^vantage have been expressed more clearly. A fairly close 
relationship was traced between the viscosities of the solutions of 
the cotton and of the nitrocotton. Both are affected greatly b^ the 
bqiling pcpcesses. To obtain cotton which gives a uniformly low 
viscosity it is necessary to subject it to a drastic treatment with 
caustic soda in the kicr under high pressure. The initial proportion 
of caustic soda to water should not be less than 3%, the pressure 
Should be at least 40 lb. per sq. in. and preferably 70 oi* 80, the 
time of treatment at leastjlO hours. Cotton that had \>een kiered 
at 401b. pressure was found on nitration to giVe less unnitrateiU 
fibre tRa|^ ^at which had been treated at lower pressures. The 
omission of the bleaching and souring procesies makes no difference 
to the viscosity. In* the case of linters as used for the manufactifTe 
of nitrocellulose powdBr by pu Font’s method,, it was found advis- 

Chem. Soc. Trans. ^ 1^20, 117, 473; J., 19^ 558a f Ann. Repts.^ 
1920,. 539. 

" Ibid., ^19. 

J. Ind^,Ev>g- Qhe.m., l»zu, iz, a-iiA. 

w J., 1920, 33aip. 
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able to have*ftie prossul^ lb the kiers at least 70 lb. per sq. in., 
probabiy because this, material, contafiis a larger proportion 6i 
out^ellulose wliich is duly attacked slowly by the cau^ic alkali. 
Nitrated cotton A^diich has not been boiled gives soluti^s of very 
high viscosity, but thts falls during,the boiling at first*Hipji^j and 
then more slowly. 

A study of the viscosities of solutions of nitrocellulos(^in pther- 
alcohol has been published by W. H. Gibson •and R. McCall.^® 

These researches were rediscussed^by 8ir R. Robertson In a paper 
read before a joint meeting on colloids held byirthe Faraday Society 
and the Physical Society on October 25, 1920, and also by F. 
^roxton, who ascribes the lower viscosities of solutions containing 
a small proportion of water to the affinity of the hydroxyl groups 
of the cellulose molecule for water. They have also a considerable 
affinity for alcohols and especially for lictones. Sproxton deals 
with the question more from the point of view of the manufacture 
of celluloid. G. Barr and L. L. Bircumshaw gave the results of 
viscosity nu‘asureinenti on solutions of cellulose acetate. In these 
also the addition of water to solutions in acetone causes the viscosity 
to fall to a well-defined minimum at about 6*5% water, and further 
additions cause it to rise again. The admixture of alcohol to the 
acetone also pauses the viscosity to fall but not to risg#^lIg91n. Ben- 
zene, on the other hand, causes a. steady rise* of the viscosity. 

W. K. Tucker deals with the question of the viscosity of nitro- 
cellulose solutions from the point of view of the manufacture of 
artificial leather in the United States.^" He also uses a falling 
sphere vftcometer but with a steel ball, J in. in diameter. The 
time of fall of 10 in. in the solutions used varies from 5 to 60 secon®.’ 
He states solvents used are either acetone oil or ethyl 

acetate, which ^jjowever, are mixed with a consideA,ble proportion 
of a non-solvent such as benzene or benzine, which iijfreases.the 
viscosity. Formerly it was considered necessary to have present 
a proportion of a high-boiling solvent, such a*s amyl acetate or 
ethyl propionate, but most manufacturers now do w;ithout this, 
and scihie state that such a solvent tends to make pinholes in tfie 
finished^oduct. , High-boiling solvents give more viscous solution 
,than ethyl acet&te. The presence of alcohol in these solutions 
tends to reduce the viscosity. 

Pbopellants. 

An account# of the development of German smokeless powders 
during the war hsCfe been given by O. Poppenberg.®^ Even be^e 

18 J., 19C0, 17^ 

1 ” See 19241^7 6 x 1 . The papers hav^sinco been published in the form 

of a Report by the Dept.,of Scientific and Industrial Research. 

J. InM. Eng. CMm., 1961, IS, 62,9 ; J., 1921, 6.^4.. 
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the war the Germans used for militai^ ehd naval purposes powden 
^varying^ greatly both ifi comjjosition and form.. Whereas w( 
employed cordite for every variety of firearm ^nd pressed^it al 
through Sies into cord or tube form, and the French used a nitro 
cellulose .powder, poudre in strip form, and the American 
* another sort of nitrocellulose made into perforated cylinders, the 
Germanfcif.had both nitroglycerin and nitrocellulose powders made 
into flakes, rings, cubes, tubes, and stars. 

For nftiking nitroglycerin ppwders a variety of nitrocellulose was 
preferably used that gave on gelatinisation with nitroglycerin s 
gel of comparatively low viscosity, the so-called “ PE-WoUe ’ 
nitrated at a high temperature. Before the war these were gelatin- 
ised with 20 % of acetone obtained as a by-product of the wood 
distillation industry. As this source of supply did not suffice; 
ethyl acetate was largely used during the war, but this also required 
acetic acid for its manufacture. Increased supplies of both these 
solvents were obtained from the oxidation of acetylene according 
to the patents of the Hoechst, Griesheim,kand Alexander Wacker 
companies. 

Much of the powder in flake form was, however, made without 
the use of volatile solvents by incorporating the nitrocellulose 
and nitrogl^erin together in the presence of water between hot 
rolls. 

In consequence of the great scarcity of^fats during the war every 
effort was made to substitute other materials for nitroglycerin. 
Before the war a process had already been worked out by^the Koln- 
Eottweil powder works for the use of trinitrotoluene. In order 
fd obtain the same ballistics they employed a nitrocellulose of 
somewhat higher nitration than is generally u^ed in Germany 
for nitroglyceifin powders. They gelatinised the powder beneath 
heafed rc^s under high pressure and also shaped it at high tem- 
perature and pressure. In this way either part or the whole of 
the nitroglycerin was replaced, but the processes were not free from 

danger and there were numerous accidents. 

♦* • 

Attempts were also made to substitute dinitroglycok 4or nitro*> 
glycerin. The starting point for this synthesis \^,as alcohol, which 
was fix^t converted by means of chlorine and hydrochloric acid 
into dichlerc^thylene ; this was then saponified to glycol, which 
could be nitrated in, the same way as glycerin. But great diffi- 
culties and delays were experienced in starting thio manufactiq:e, 
^d when it was finalfy got 'going it was*^ found that dinitroglycol 
was not really suitable for powder manufacture on aqcount of its 
vdatility, which caused it^to have a bad physicStog/cal effect on the 
w 6 l*ker 9 . It was, however, used to a consijierable extent for the 
manufacture es^losives for mining purposes. Eveflatually tke 
supjflj of glyoeriii wah increased largely by the fermbntation of 
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sugar, the proiSs being ^^loped by the Protol Company from 

the discoveries of Connstem.®^ 

The tubular powders ,^or the •larger guns generally contained 
mineA .1 jelly, and powders of this type and also in iSke form 
frequently had adflitiops of urea derivatives such as Oe^^tralite or 
i*A.kardite as stabilisers and additfbnal gelatiniser^. ^Soifictimes 
these were used merely to treat the surface and so infljj^nce the 
initial rate of burning. 

The nitrocellulose powders sometimes contained these si,me urea 
derivatives and sometimes diphenyllimine. Fpr rifle powder the 
surface of the grains was treated with camphor. When the supply 
of this material from Japan was cut off synthetic camphor made 
frim turpentine was used, but turpentine also became scarce 
towards the end of the war and Ceiitralite was used instead. Some 
samples of powder for 15-cm. guns used 41 the land service con- 
tained nitrotoluenes, probably added for the same purpose. 

The nitrocellulose powders were gelatinised with ether-alcohol 
‘ obtained by the fermen^tion of potatoes, and as all foodstuffs were 
scarce it •was necessary to exercise great economy and to recover 
as much as possible, not only from the dr 3 nng stoves, but also by 
drgiwing away the air from the neighbourhood of the ])resses &nd 
absorbing the alcohol and ether in sulphuric acid^fii»ers and 
finally with charcoal. It was thus possible to cut do^ the con- 
sumption of alcohol from 168 to 135 kg. per 100 kg. of powder. 

Nitrocellulose powders #wc re always used for small arms and 
field guns, the nitrocellulose being often a blend of 3 parts of high- 
nitrated (^Uulose almost insoluble in ether-alcohol and 1 part of 
low-nitrated soluble nitrocellulose. For naval guns nitroglyceri*' 
powder in tube^form was used, but when the same guns were 
adapted for *^sc ^ -ii land a nitrocellulose powder in 4 ube form was 
sometimes substituted. For howitzers nitroglycerin pqwders of 
the ballistite type in flake form were employed, and it ^as pritfci- 
. pally in these powders that liquid trinitrotoluene was substituted 
for part of the nitroglycerin. In this respect their practice differed 
fundamentally from ours, as we often used nitrocellulose powdew 

of the AMiiican type for our howitzers. 

• 

Ammmpulver. 

The Germans also used a propellant made by Blowrporating 
85% of ammonium nitrate with 15% of charcoal ftnd compressing 
it* into large j^ellets having a density of atout 1*4. This was 
prflctically the sam« as a* powder that was tised by the Austrians 
from 1890 to 1896 for guns of various calibres, but was given up 
again by the\n ii^i^our of ballistite.*®^ • 

See* Anil. Bepts., 1919, 296, 442 ; 1920, 427, 637. 

2 * See J. Jtfayr, Z.^eS. 8ci>ie8i- «. Sprmgstoffw., 1J07^401 ; P. Busoh, 
M^, Seeweaen, Jan., 1909 ; 1909, 73 ; also Jtnn. gepta., 1920, 667. 
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The most serious objection to it s^eijL^ to havb»*been that on 
storage the pellets weio feble to undergo changes which caused 
their pari^al disintegration and thb consecjpent generation of high 
pressures^^ the gun, and if left in a hot gun similar changes book 
place, especially if the animonpulver were cl^mpl These changes 
.were the changes in tne crystalline form of ammonium 

nitrate, e^Jccially the one at 32° 0. The Germans overcame this 
fault ‘to a considerate extent by using composite charges only a 
third or q^half of which was animonpulver, tjie remainder being 
ordinary smokeless gowder. Tiie powder was kept dry either by 
placing it in a metal^ cartridge case closed with a cork or a bung 
of compressed peat in the case of fixed ammunition, or by enclosing 
it in a box made of nitroglycerin powder. ^ 

Early in the war the ammonpulver was made by the ordinary 
black powder process : iiicorporation under edge runners, jiressing, 
breaking down, and pressing again. Later the incoiporation was 
carried out by mixing with water, which was then evaporated 
off on a heated rotating drum, but it was ^tili necessary to press 
twice. But finally a method was worked out by the Krause-A.-G. 
of Munich whereby one of the pressings was avoided. The finely- 
divided charcoal w^as suspended in a solution of ammonium nitrak? 
which wa^ijjduced to a mist b}’ means of a centrifugal disc, and 
the droplets were made to fall down a tower wiiere th(‘y iiui an 
ascending stream of hot air. The granules were removed con- 
tinuously from the base of the tower andfwere pressed automatic- 
ally into hollow cylinders. 

, The principal motive for the adoption of this powdet w^as to 
'oate the large amount of alcohol that is required for the manu- 
facture of nitrocellulose powder, but it also possesses virtues of 
its own: in consequence of its low temperature ‘of explosion ‘it 
erodes the guns very little, and for the same reason it gives little 
or nb muzzle flame.- ^ 


American Powders. 

9 * 

An account of the development of the smokeless poif'4ers for 
the United States Army and Navy is given by ip. C. Worden.*^^ 
He state^ that a process has recently been invented for drying ^ 
the multi-tibiflar nitrocellulose powder whereby the time required 
has been reduced irom, several weeks to one or two days, but thdj 
nature of the method has not been made publio. oThe full dis- 
,cu§sion of explosives c6ntainkig cellulose 'nitrates will, however, 
form the subject matter of VoL VII. of this monume;ital work, 

^ and J^ol. IX., now in the pr&a, is to be a bibhogrS^y of explosives. 

0. Poppenberg, “ Die Technik im Weltkriege,* ’ c\.920, 104. 
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